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Abstract 
A preliminary screening of extracts of seeds, fruits, vegetables and Chinese medicinal 
materials for hemagglutinating activity revealed that the Chinese chestnut Castanea 
mollisima and the rhizome of the Chinese medicinal herb Smilax glabra exhibited 
significant hemagglutinating activity. The two extracts were therefore subjected to 
chromatographic procedures resulting in the purification of lectins from the two 
sources. 
The purification protocol for Smilax glabra lectin entailed ion exchange 
chromatography on CM-Sepharose, DEAE-cellulose, and Resource Q and gel 
filtration on Superose 12. The lectin was adsorbed on CM-Sepharose in lOmM 
NH4OAC (pH 4.6), adsorbed on DEAE-cellulose in lOmMTris-HCl (pH7.2) and 
subsequently on Resource Q in lOmM Mes (pH 6.06). It exhibited two bands with a 
molecular weight of 17kDa and 15 kDa respectively in sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). Its molecular weight as determined 
by gel filtration on Superose 12 was about 32 kDa, which indicated the presence of 
two subunits. The lectin had a complex carbohydrate binding specificity because its 
hemagglutinating activity was not inhibited by monoasccharides and disaccharides. 
The isolation procedure for Castanea mollisima lectin involved ion exchange 
chromatography on CM-Sepharose, Q-Sepharose, and Resource Q followed by gel 
filtration on Superose 12. The lectin was adsorbed on CM-Sepharose in lOmM 
NH4OAC (pH 4.6), Q-Sepharose in 20mM Tris-HCl (pH 7.2) and Resource Q in 
lOmM Tris HCl (pH 8.9). In SDS-PAGE it was dissociated into 2 closely spaced 
bands with a molecular weight slightly above 30 kDa. In gel filtration on Superose 12, 
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it exhibited a molecular weight of 150 kDa. The result indicates the existence of 
multiple subunits. The Chinese chestnut lectin manifested binding specificity toward 
mannose and glucose. Its specific hemagglutination activity was considerably higher 
than that of Japanese chestnut lectin. 
The hemagglutinating activity of both Smilax glabra lectin and Cast am a Mollisima 
lectin was acid-labile, alkali-labile, thermostable up to 50。C and unaffected by a 
number of monovalent, divalent and trivalent cations. 
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土获荟和中國栗子凝集素的萃取 
摘要 
從種子、生果、蔬菜和中藥的初步測試中，我們發現中國栗子 
和土获荅的凝集素含有相當高的活性，因此我們利用層析法將凝集 
素從它們的抽離物中分隔出來。 
土获荅凝集素的分離方法包括C M - S e p h a r o s e陽離子交換層析 
柱� D E A E - C d l u l o s e陰離子交換層析柱� R e s o u r c e Q交換層析柱和 
Superose 12凝縢過滤析柱。在10 mM NH^OAc (pH 4.6)的溶液中， 
土获荅凝集素能吸附在CM-Sepharose陽離子交換層析柱；在10 mM 
Tris-HCl (pH 7.2)的溶液中，土获荅凝集素能吸附在DEAE-Cellulose 
陰離子交換層析柱；在10mMMes(pH6.06)的溶液中，土获荅凝集素 
能吸附在Resource Q交換層柝柱。在聚丙烯酷胺凝膠電泳中，土获 
荟凝集素的蛋白染色顯示分別為17 k D a和1 5 k D a �用S u p e r o s e 12 
凝膠過濾、析柱進行凝膠過滤法後得出分子量為大約32 kDa，反映出 
它擁有兩個單元。單膽和雙•都不能對土获荟凝血素進行有效的抑 
制。 
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中國栗子凝集素的分離方法包括CM-Sepharose陽離子交換層析 
；主� Q - S e p h a r o s e陰離子交換層析柱� R e s o u r c e Q 交換層析柱和 
Superose 12凝勝過濾析柱。在10 mM NH4OAC (pH 4.6)的溶液中， 
中國栗子凝集素能吸附在CM-Sepharose陽離子交換層析柱；在20 
mM Tris-HCl (pH 7 . 2 ) 的溶液中，中國栗子凝集素能吸附在 Q -
Sepharose陰離子交換層析柱；在10 mM Tris-HCl (pH 8.9)的溶液中， 
中國栗子凝集素能吸附在Resource Q交換層析柱。在聚丙烯^^^胺凝 
膠電泳中，中國栗子凝集素的蛋白染色顯示分別為兩條稱高於30 kDa 
的帶條。用Superose 12凝膠過爐析柱進行凝膠過濾、法後得出分子量 
為大約150 kDa�以上的結果再次反映多單元的存在。D-Mannose和 
D-glucose能對中國栗子凝集素產生抑制，同時它的特定活性比日本 
栗子高出很多。 
土获茶凝血素及栗子凝血素在酸性及驗性情况下不穩定，當溫 
度超越50°C後不穩定；但在某些礦物蠻的存在時則呈現相當高的穩 
定性。 
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Chapter 1 General introduction 
Lectins are proteins of non-immune origin that bind to carbohydrates reversibly and 
non-covalently without causing any change in the carbohydrate bound. They are of 
ubiquitous occurrence in plants and animals. Lectins were named after the source 
where they were found. However, the terms agglutinin and phytohemagglutinin have 
become popular now. The word "lectin" originates from the Greek word "legere", 
which means "to select". Lectins not only distinguish between different 
monosacchardes, but also show specific binding to oligosaacharides, detecting subtle 
differences in complex carbohydrate structure. As a result, some monosaccharides or 
oligosacchardies with appropriate specificity are able to repress or even revert this 
interaction. Though lectins primarily act by their carbohydrate binding sites, they may 
strengthen their interaction with cells or proteins by hydrophobic effects. 
1.1 喝 ene/cat 名tmcime/aly 这 ecUm/ 
Lectins which are related to a specific function may or may not exhibit structural 
homology, depending on their evolutionary histories. The carbohydrate recognition 
domain (CRD) is the only one offering a certain degree of homology. Lectins from 
closely related organisms probably have a common ancestral origin and manifest 
extensive homology, especially in the primary structure encoding for lectins. 
Lectins exhibit quartemary structure: most are oligomeric, comprised of two to four 
polypeptide chains with one binding site per chain. The subunits are held together by 
noncovalent forces or by disulfide bonds. Some lectins require divalent cations such 
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as calcium, magnesium, and manganese to bind carbohydrates. Others require thiol 
groups instead. Most lectins possess covalently-linked carbohydrates. The sugar 
specificity of a lectin is defined by the carbohydrate for which it demonstrates the 
highest affinity. For instance, lectins interact with non-reducing glycosyl groups of 
polysaccharides and glycoproteins. Some can bind internal sugars or sugars at the 
reducing end. Some lectins with a small binding site can only recognize one particular 
monosaccharide; others with extended binding sites bind preferentially to 
trisaccharides or tetrasaccharides (Goldstein and Poretz, 1986). 
Some lectins are composed of subunits with different binding sites. The lectin from 
the red kidney bean, Phaseolus vulgaris, is composed of two different subunits and 
combined to form five different forms of noncovalently bound tetramers. Since 
subunits are different in specificities for cell surface receptors, each combination is 
considered to have a different function. The specificity of the binding sites of the 
lectins suggests that there are endogenous saccharide receptors in the tissues from 
which they are derived or on other cells or glycoconjugates with which the lectin is 
specialized to interact. 
1.1.1 Metal Binding Sites 
The biological activity of the lectins may be ascribed to the metal ions forming the 
essential part of the native structure of most leguminous lectins. The metal binding 
sites of concanavalin A reside in the amino terminal part of the polypeptide chain. In 
this lectin, each subunit has aspartic 10 and 19 (i.e. aspartic acid at positions 10 and 
19) , asparaginel4, histidine 24, serine 34, glutamic acid 8, and tyrosine 12 that are 
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involved in the binding to one calcium and one magnesium ion (Strazza et al., 1982). 
Lectins of soybean, peas, faba bean, lentils, and sainfoin have conserved amino acids 
that are involved in metal binding. The exception is the tyrosine residue at position 12 
of concanavalin A which is replaced by phenylalanine in the other legume lectins. 
1.1.2. Hydrophobic Sites 
The stability of the native structure of most lectins is believed to be due to 
hydrophobic interactions. Such hydrophobic sites, forming cavities in the lectin 
structure, may play an important biological role. The hydrophobic binding sites of 
auxins, or cytokinin and adenine, for instance, by concanavalin A may enhance the 
functions of lectins on the plant life cycle (Wasseff et a l , 1985). 
1.1.3, Glycosylation Sites 
Despite the generalization that most lectins are considered glycoproteins, lectins 
including concanavalin A, lentil lectin, and wheatgerm agglutinin are devoid of 
covalently attached carbohydrates. However, non-glycoprotein lectins are believed to 
be synthesized as glycosylated precursors in view of the following observations: 
1. pro-concanavalin A is an inactive glycoprotein from which the glycosidic side 
chain is eliminated during post-translational processing. 
2. Non-glycoprotein wheatgerm agglutinin molecules are produced by removing a 
carboxyl terminal glycopeptide from the glycosylated precursor during post-
translational processing. 
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A l l glycoprotein lectins possess a peptide sequence; asparagine- X-threonine/serine, 
which is characteristic of glycosylation sites. These sequences are different in the 
non-glycoprotein lectins. Also, peptide sequence, which in one glycoprotein lectin 
contains the glycosidic side-chains, are not necessarily conserved in another 
glycoprotein lectin, suggesting that the biological activity of the lectins may not be 
governed by the carbohydrate moiety in their structure (Bowles et al., 1986). 
1.2 ^^^^ja/tAafuj^Uaie/ Sizecl(lcUles/op 这ecUns/ 
Six main lectin families are recognized: legume lectins，cereal lectins, P-, C- and S-
type lectins and pentraxis, with the latter four occurring in animals. Lectins bind a 
variety of cells having cell-surface glycoproteins or glycolipids such as erythrocytes, 
leukemia cells, yeasts, and several types of bacteria. Several specific groups have 
been identified, such as mannose, galactose, N-acetylglucosamine, N-
acetylgactosamine, L-fucose, and N-acetylneuraminic acid specific group. 
1.3 ^tant/lectins/ 
1.3.1 Localization of lectins in plants 
1.3.1.1 Localization in seeds 
The abundance of lectins are found in seeds, especially in the seeds of leguminous 
and graminaceous plant. Seeds lectins in leguminous plants are located mainly in the 
cotyledons, though some are present in embryos and seed coats (Pueppke et al., 1978). 
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But lectins are sometimes absent in immature seeds. Within the seed cells, lectins are 
found in protein bodies. 
In dicotyledonous plants, for example, Datura stramonium, differential centrifugation 
studies have revealed that over half of the seed lectin is found associated with protein 
bodies in the disrupted cells. However, specific lectin activities of other subcellular 
fractions are also similar, suggesting that a part of the seed lectin my be entrapped in 
membrane vesicles (Kilpatrick et al., 1979). 
In monocotyledonous plants, wheatgerm agglutinin is present only in small quantities 
in the embryo, but not in the endosperm of dry wheat grain (Miller & Bowles, 1982). 
In addition, lectin is synthesized in vitro only by the embryo and not by the 
endosperm. Confirmatory results have been obtained using immunocytochemical 
methods (Mishkind et al., 1982). 
1.3.1.2 Localization in vegetative parts 
Lectins are also located in the vegetative parts of plants. Though usually present at 
concentrations lower than those in seeds, these lectins are not necessarily of lesser 
importance than seed lectins. A number of lectins found in vegetative parts of plants 
are identical with those found in seeds. However, several lectins have been isolated 
from roots, leaves, barks, flowers, bulbs, rhizomes or other vegetative parts, which are 
distinct from the seed lectins (Pusztai et al., 1991). 
Lectins are more generally distributed in plant tissues than had been envisaged. In 
families other than Leguminoseae, it is not always the case that the seed has the 
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highest concentration of lectins. For example, in tulips {Tulipa gesneriana), a member 
of Liliaceae (a monocotyledonous family), lectins exist in the bulbs in sizeable 
quantities. Lectins are also detected in the bark tissues of several tree species, phloem 
exudates, such as those from cucumber and vegetable marrow. The isolation of some 
of these lectins has been reported (Allen, 1979). 
1.3.1.3 Biosynthesis of plant lectins 
In dicot lectins, for instance the leguminous lectins, the biosynthesis of both single-
chain or two-chain lectins in the seeds commences with a signal peptide containing 
precursor or preprolectin in the cytoplasm. The preprolectin then gains entry to the 
endoplasmic reticulum to produce a prolectin by the removal of the signal peptide, 
and subsequently undergoes various post-translational modifications to yield the 
native mature lectin which is stored in the protein bodies of the mature seed. However, 
the role of post translational events involving the limited cleavages and 
rearrangements of their constituent polypeptide chain has not yet been completely 
understood (Rouge et al., 1991). 
In monocots of wheatgerm agglutinin, rice and barley lectins, the preproproteins 
consist of a signal sequence that is co-translationally cleaved, four chitin-binding 
domains of 43 amino acids, and a 15 amino acid (wheat and barley lectins) or 26 
amino acid (rice lectin) propeptide at C-terminal which contains an N-link high 
mannose glycan. Before or concomitantly with deposition of mature lectins in the 
vacuole, the glycosylated carboxyl-terminal propeptide is cleaved to generate the 
mature polypeptide of 18 kDa. The mature 18 kDa rice lectin undergoes another post 
translational cleavage to yield polypeptides of 10 kDa and 8 kDa (Chrispeels and 
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Raikhel, 1991). The carboxyl terminal propeptide is necessary for correct sorting of 
these lectins to the vacuole (Bednarek et al., 1990). 
1.3.2 Functions of plant lectins in plants 
Not much is known about the functions of lectins in the organisms in which they are 
found. There is evidence that lectins may be involved in the recognition between cells, 
and the recognition between cells and various carbohydrate-containing molecules. 
This suggests that they may be involved in regulating physiological functions. They 
seem to play an important role in the defence mechanisms of plants against the attack 
of microorganisms, pests, and insects. Fungal infection or wounding of the plant 
seems to increase the levels of lectins. In legumes, the role of lectins in the 
recognition of nitrogen-fixing bacteria of the Rhizobium genus, which have sugar-
containing substances, has received special attention. 
1.3.2.1 In cell growth 
Similar to the mitogenie effect which lectins exert on animal cells, lectins may also 
promote cell division of plants (Howard et al., 1977). A finding which has been 
contradicted by others (Kauss and Glaser,1974) suggest the idea that lectins may help 
glue cells together reversibly in such a manner that they can be shifted during 
extension growth. This hypothesis on the one hand is based on the phenomenon that 
pH changes take place in plants during extension growth. On the other hand it is based 
on the well known fact that many lectins agglutinate red cells in a highly pH-
dependent fashion. In this context the recent observations are quite important. A 
protein had been found in the leguminous Dolichos biflorus which crossreacts with 
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antibodies against the lectin of this plant though this cross reactive material itself is 
not a lectin (Talbot and Etzler, 1978). Presumably, it differs from the lectin by its 
extended C-terminal part. Apparently this protein is localized in the cell wall in 
contrast to the lectins which mostly are found in the protein bodies or in the 
cytoplasm, it can assume lectin-like properties under certain conditions by a process 
which is unknown, and it is formed in abundant amounts i f the plant is damaged. A l l 
these results indicate a role of the cross reactive material in cell growth. 
1.3.2.2 In storage 
Lectins are found in large amounts in seeds (e.g. legume lectins) or in other vegetative 
storage tissues such as bark (e.g. Sambucus nigra; Van Damme et al., 1996a), bulbs 
(e.g. Galanthus nivalis. Van Damme et al., 1987; Sternbergia lute a, Saito et al., 1997), 
rhizomes (e.g. Uritica dioica, Peumans et al., 1984a; Polygonatum multiflora, Van 
Damme et al., 1996b; Calystegia sepium, Van Damme., 1996c), tubers (e.g.potato, 
Solarium tuberosum, Allen et al., 1978; Arum maculatum. Van Damme et al., 1995a), 
and root stocks (e.g. Bryonia dioica, Peumans et al., 1984b). The content of lectins 
may differ in various tissues during plant growth. It was evidenced in Phaseolus 
vulgaris lectin by using cDNA as a probe to access lectin transcript levels in various 
tissues (Hoffman et al., 1982). Thus, one of the possible roles of plant lectins is for 
storage 
1.3.2.3 In plant defence 
Most plant lectins can be considered as storage proteins which, have in addition a 
potential defensive role when the plant or the seed is under assault. As long as the 
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plant or seed is not challenged, the lectin does not play any defensive role and is used 
simply as a storage protein. Such a dual role is beneficial to the plant from an 
evolutionary point of view (Peumans et al., 1995). 
Ricin, abrin and mistletoe lectin form a group of cytotoxic lectins that play a role in 
the defence of plants. They consist of two chains, A and B chains. The B-chain of 
these lectins binds to receptors on the cell surface and facilitates the cellular uptake of 
the A-chain (Refsnes et al., 1974; Franz, 1986). After entry into the cell, the A chain 
inactivates catalytically all eukaryotic ribosomes by virtue of its highly specific N-
glycosidase activity which cleaves the N-glycosidic bond of the adenosine residue 
(Yeung et al., 1988). Plants that accumulate proteins of this type are extremely toxic 
to all eukaryotes and, in principle, are completely protected against attack by any 
eukaryote organism (Barbieri et a l , 1979). 
A potential role for lectins in the defence of plants against insects has been suggested 
(Janzen et al., 1976). However, intensive screening of lectins from a wide variety of 
sources for anti-insect properties and their structural studies have started for a few 
years (Beintema and Peumans, 1992; Lerner and Raikhel, 1992). Feeding trials 
conducted with both artificial seeds and diets containing different levels of various 
lectins have revealed that many lectins are toxic for one or more insect species and 
that the spectrum of insects sensitive to a particular lectin is highly variable. For 
example, a mannose-binding snowdrop (Galanthus nivalis) lectin is toxic to some 
chewing insects and also to sucking insects like aphids and leaf hoppers (Peumans 
and Van Damme, 1995). 
Because of their specificity, chitin-binding lectins seem to be predestined to play a 
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protective role against fungal attacks. The two small chitin-binding lectins from 
Urtica dioica and Hevea brasiliensis, have been demonstrated to possess antifungal 
properties and therefore can be considered as plant protective agents (Gatehouse et al., 
1995). 
Wheat germ lectin binding specifically to N-acetylglucosamine oligomers can 
suppress the growth of molds by inhibiting chitin biosynthesis. Data demonstrated 
that lectins protect young plants from fungal infection. 
1.3.2.4 In nitrogen cycle 
Some leguminous lectins mediate the symbiosis between nitrogen-fixing 
microorganisms, primarily rhizobia, and leguminous plants, a process of huge 
importance in both the nitrogen cycle of the ecosystem and in agriculture (Brock and 
Madigan, 1991). There is a highly specific association between legumes and nitrogen-
fixing bacteria. Rhizobia that infect and nodulate soybeans cannot nodulate garden 
peas or white clover and vice versa. The suggestion that lectins play a role in this 
association is initially based on the observation that a lectin from a particular legume, 
for example soybean agglutinin, binds in a sugar-specific manner to the corresponding 
rhizobial species and not to bacteria symbiotic with other legumes (Bohlool and 
Schmidt, 1974; Sharon and Lis, 1989). There is convincing supporting evidence for 
the lectin recognition hypothesis in the symbiosis between the white clover Trofolium 
repens, and Rhizobium trifolii. A 2-deoxyglucose specific lectin (trifoliin A) has been 
isolated from the extracts of clover seeds and seedling roots. It binds to infective but 
not to uninfective strains of rhizobia. Antibodies to the lectin bind mostly to the root 
hair region of clover roots but not to the roots of other closely related legumes, for 
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example, alfalfa. The lectin is related to the roots by the sugar for which it is specific, 
suggesting that its association with the root surface is brought about by its 
carbohydrate-binding site. Trifoliin may thus act as a bridge between similar 
carbohydrates on both the root hair tips and R. trifolii. A polysaccharide that could 
serve as such a receptor is present on the surface of infective strains of R. trifolii but 
absent (or inaccessible) on noninfective strains (Ho et al., 1986). 
Apparently lectins from different sources may have quite different functions. Lectins 
are grouped together because they have in common that they agglutinate red blood 
cells. This is a totally unphysiological reaction, and so the group of lectins may be 
regarded as artificial. Consequently a common biological role cannot be expected of 
them; this question has to be considered for each lectin separately. I f one inspects 
only the lectins of Papilionaceae, one of the Leguminosae families, evidently it is 
difficult to find a connection between structure or properties and taxonomy: 
• Only very few lectins are specific with respect to human blood groups 
(Vicia cracca, Phaseolus lunatus, Dolichos biflorus; blood group A; Ulex 
europaeus; Lotus tetragonolobus; blood group O (H); Bandeiraea 
simplicifolia: blood group B. 
• Three plants contain lectins of different specificities, one of them being 
blood group-specific {Vicia cracca, Ulex europaeus, Bandeiraea 
simplicifolia). Most lectins contain subunits which are identical or nearly 
identical in molecular mass. It has been proposed to call them "one chain 
lectins". Most of them are tetramers, typically with a molecular mass of 
about 120 kDa (4 x 30 kDa). There are some notable exceptions from this 
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architecture, all of them in the Vicieae tribe. These lectins belong to the 
"two chain type" and are composed of two subunits of different sizes, 
forming tetramers of the formula a j ^ i - A further lectin of this type is 
from Lathyrus odoratus (Kolberg et al., 1983). 
• Nearly all lectins can be inhibited by simple sugars or glycosides, the blood 
group specific ones by the terminal sugar of the respective blood group 
substance. For the lectins of Phaseolus vulgaris, Vicia gr amine a, no simple 
inhibiting sugars are known. 
• It is difficult to assign a function to the lectins. Some authors assume lectins 
to be associated to the protein bodies, others find them to be evenly 
distributed in the cytoplasm. It is very important to clarify this question 
unambiguously. 
Nevertheless, lectins must be expected to be important to the life of a plant. 
The first argument in favor of this expectation is quite indirect but nevertheless valid: 
Leguminosae seeds contain considerable amounts of lectins. In most cases, e.g. in pea, 
broad bean, lentil, about 0.1% of the seed weight is lectin. In Jack beans this amount 
is exceeded by a factor of 20-30, i.e. these seeds contain as many as up to 3 types of 
lectins. One cannot imagine that nature accumulates one particular protein in such 
large amounts without necessity. The second argument is that there exist lectin 
binding proteins. Lectin binding protein is specifically recognized by the lectin among 
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the many proteins of the plant. The third argument is concerned with the lectin amino 
acid sequences. Lectins of different tribes of the Leguminosae are quite homologous. 
1.3.3 Biological activities of plant lectins in other 
organisms 
Despite the functions described above, other activities were ascertained depending on 
the type of lectin studied. 
1.3.3.1 Immunomodulatory activity 
UDA (Urtica dioica Family, Urticaceae), a lectin specific for N-acetyl-D-glucosamine, 
has been purified from the rhizome of stinging nettle. It had a molecular mass of 8.5 
kDa (Broekaert et al., 1989), and had two hevein-like domains per subunit. It 
exhibited considerable amino acid sequence homology with wheat germ agglutinin 
isolectins and exerted mitogenic effects on lymphocytes at moderate doses. Although 
it suppressed mitosis at high doses (Wagner et al., 1995) UDA stimulation also 
induced late interleukin-2 production and IL2-receptor expression on T lymphocytes 
with a long lasting activation period (Le Moal and Truffa-Cachi, 1998). UDA behaved 
most likely as a superantigen in this account, since its induction of T-cell proliferation 
was not MHC restricted and T-cell receptor recognition in V region (Galelli and 
Truffa-Ncahi, 1993). 
Mistletoe lectin {Viscum album L.) possesses two sugar-specific binding sites, one for 
binding jS -D-galactose, and an other for binding N-acetyl-D-galactosamine. The /5 -
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D-galactose specific lectin (ML-1) displayed an immunomodulatory activity at a low 
dose (1 ng/kg) in patients with mammary carcinoma by increasing NK cells, large 
granular lymphocytes and phagocytic activity of granulocytes (Hajto et al., 1989; 
1990). 
1.3.3.2 Antitumor and antiproliferative activities 
The interaction of lectins with tumor cells is well documented. Nachbar et al. (1976) 
observed that the order of activity of agglutinating Ehrlich ascites tumor cells was 
Ricinus communis lectin > Limulus polyphemus lectin and that there were 1.6 and 7 
times respectively as many Ticinus communis lectin binding sites as concanavalin A 
and soybean lectin binding sites on Ehrlich ascites tumor cells. Eckhardt et a l , (1982) 
reported that Griffonia simplicifolia 1 lectin, when given intraperitoneally to mice, 
inhibited the growth of Ehrlich ascites tumor cells and prolonged the life span. Lectin-
dependent macrophage mediated lysis of tumor cells was suggested to be the 
mechanism of the cytotoxic effect of the lectin. 
1.3.3.3 Mitogenic activity 
It is well known that plant lectins like ConA and phytohemagglutinin increases 
proliferation of lymphocytes. 
1.3.3.4 Antiviral activity 
Lectins capable of binding to a viral envelope glycoprotein may interfere with the 
adhesion and/or penetration of the vims to different extent depending on their sugar-
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binding specificity (Hansen et al., 1991). On the one hand, this is because both high 
mannose and complex chains of oligosaccharides are located in the envelope 
glycoprotein (gpl20) of human immunodeficiency virus (HIV) and Herpes simplex 
virus (HSV). On the other hand, HIV gp 120 binds lectins specific for N-linked high 
mannose as well as complex but not 0-linked oligosaccharides, whereas HSV gC 
binds lectins specific for all three types of oligosaccharides. This hypothesis was 
confirmed by experiments with broad ranged lectins, such as Triticum vulgaris lectin 
(WGA), concanavalin A (Con A), Lens culinaris (LCA), and phytohemagglutinin 
erythro agglutinin (PHA-e). A l l of these four lectins inhibited HIV infection in vitro 
in nanomolar to micromolar concentrations. This inhibition is most probably ascribed 
to their binding specificity for N-linked oligosaccharides. On the contrary, the lectin 
Helix pomatia lectin, clustered GalNAc (HPA) which mainly reacts with 0-linked 
oligosaccharides had no anti-HIV effect. Both N- and 0-linked oligosaccharide-
specific lectins inhibited HSV-1 infection as assessed by measuring a plaque reduction 
assay using Vero cells. The most potent inhibition was seen with the lectin HP A 
(Hansen et al., 1991). A l l a (1,3)- and a (l,6)-D-mannose specific Amaryllidaceae 
lectins from Galanthus nivalis, Narcissus pseudonarcissus, Hippeastrum hybrid and 
orchid {Listera ovata, Cymhidium hybrid and Eipactis helleborine) potently inhibited 
HIV and CMV replication in vitro (Balzarini et al., 1991,1992). However, the D-
mannose-specific plant lectins inhibited the HIV syncytium formation by directly 
interfering with the virus-cell membrane fusion (Weiler et al., 1990; Balzarini et al., 
1991,1992) rather than by affecting virus adsorption to the cell. Also, the (GlcNAc)^-
specific lectin from Urtica dioica (UDA) was inhibited to HIV-1, HIV-2, CMV-, SIV-
and influenza A virus-induced cytopathogenicity at higher concentrations than that of 
monocot mannose-specific lectins (Balzarini et al., 1992). 
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However, an interesting experiment was demonstrated using Jacalin lectin 
{Artocarpus heterophllus). At first glance, the complete in vitro inhibition of HIV- 1 
infection of lymphoid cells by jacalin was attributed to its mannose-binding site. In 
fact, jacalin did not interact with gpl20, nor prevented the interaction of CD4 and 
gpl20, although it did bind to CD4+ T-lymphocytes. The active site in its molecular 
structure, comprising the sequence formed by amino acid residues number 79-92 on 
the a -chain, displayed similarities with the peptide of the second conserved domain 
of gpl20. The travail of delivering a synthetic jacalin a -chain-derived peptide 
(comprising these 14 amino acids) into an infected lymphoid cell also showed a 
potent anti-HIV effect (Favero et al., 1993), presumably by inhibiting the adsorption 
of HIV to CD4+ T-cell through interfereing some signalling process after the 
lymphocyte CD4-HIV gpl20 binding (Kilpatrick, 1995). 
1.3.4 Relationship between lectins and ribosome 
inactivating proteins: family of ricin-related 
proteins 
Ricin, discovered by Stillmark in 1888 as the first plant lectin from the seeds of 
Ricinus communis, is a toxic, heterodimeric protein comprising a Gal/GalNAc-
binding subunit, B chain (32 kDa), and a toxic subunit, A chain (ca. 30 kDa), 
connected through a disulfide linkage. The A chain of ricin exhibits RNA N-
glycosidase activity which cleaves a specific adenine base from ribosomal RNA, 
consequently inactivating the ribosome and inhibiting protein synthesis. The lectin 
subunit, (B chain), of ricin is essential for binding to the cell surface glycoconjugates 
of target cells and facilitates internalization and translocation of the toxin to the 
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cytosol. Ricin belongs to the group of type 2 ribosome-inactivating proteins (type 2 
RIPs), which are distinguished from type 1 RIPs, by the presence of the additional B 
chain in the former (Vitetta et al, 1991). The latter group, type 1 RIPs, are much less 
cytotoxic as a result although they can still be internalized by fluid-phase endocytosis. 
Saporin, a type I RIP from Saponaria officinalis, first binds to the alpha 2-
macroglobulin receptor on human cells and is then internalized to the cytosol. Type 1 
RIPs have been isolated from over 50 plants, both monocots and dicots, indicating a 
more general occurrence compared with type 2 RIPs. In evolution, it has been 
proposed that type 2 RIPs were generated by the fusion of ancestral genes encoding a 
type 1 RIP and a Gal/GalNAc-binding lectin. To date, only several type 2 RIPs with 
potent toxicity have been reported: ricin, abrin, viscumin, modeccin, volkensin and 
Eranthis hyemalis lectin (Hartley et al., 1996; Van Damme et al., 1997). 
Novel non-toxic type 2 RIPs and ricin-related proteins have been isolated from the 
bark, leaf and rhizome of elderberry trees belonging to the genus Sambucus. These 
non-toxic type 2 RIPs, including nigrin-b, sieboldin-b, ebulin-f and ebulin-r, have a 
structure and RNA N-glycosidase activity similar to those of ricin and other classical 
type 2 RIPs. Like ricin, these non-toxic type 2 RIPs showed binding specificity 
toward Gal/GalNAc residues. However, ricin, a new recently isolated RIP was devoid 
of carbohydrate-binding activity. Interestingly, these type 2 RIPs from elderberry 
plants potently inhibited in vitro protein synthesis in rabbit reticulocyte lysate like 
ricin but had little toxicity to cells and mice. The tetrameric bark lectins (SNA and 
SSA) from the bark of these plants have been known to show a unique sugar-binding 
specificity towards the Neu5Ac-alpha2-6Gal/GalNAc unit. Recent cDNA cloning of 
these lectins showed that both A and B subunits of these lectins have homologous 
primary as well as tertiary structures with A (toxic subunit) and B (Gal/GalNAc-
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specific lectin subunit) chains of ricin. However, these lectins showed little toxicity to 
cells and mice or inhibitory activity on the protein synthesis of rabbit reticulocyte 
lysate in vitro. These characteristics were quite different from those of a structurally 
related tetrameric lectin, RCA-120, which strongly inhibits protein synthesis of rabbit 
reticulocyte lysate. In addition to these type 2 RIPs and related proteins, a type 1 RIP 
(without B chain) and a free B chain-like lectin (without A chain) were isolated from 
these plants (Citores et al., 1997). 
Some type 1 RIPs have been reported to possess antiviral or antifungal activity. The A 
chains of type 1 and type 2 RIPs have been used as the toxic component of 
immunotoxins. Various type 1 and 2 RIPs and other ricin-related proteins found in 
elderberry plants raise new and interesting questions regarding the biological 
functions as well as the evolutionary relationships of ricin-related proteins (Kaku et 
al., 1996). 
1.3.5 Applications of plant lectins 
1.3.5.1 In scientific research 
Lectins by virtue of their carbohydrate binding specificities, are used to recognize 
molecules within a cell e.g. human lymphocytes, (Chilson & Kelly-Chilson, 1989), 
between cells e.g. normal & tumor cells, (Ree et al., 1983; Rosen-Levin et al., 1989) 
or among organisms e.g. haemagglutinating activities toward various species. The 
interplay of lectins with carbohydrate elements explains their usefulness in 
glycoconjugate reasearch, as markers of cell differentiation (Reano et a l , 1982), and 
as isolation and separation of glycoproteins by ConA-Sepharose chromatography. 
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Immobilized mannose-binding lectins from Galanthus nivalis and Narcissus 
pseudonarcissus were used for the purification of IgM from murine species (Shibuya 
et al., 1988) and LDL-receptors (alpha-2 macroglobulin) in human serum (Van 
Leuven et al., 1993). 
The mitogenic activity of ConA was made use of as a tool to examine neuron 
plasticity (Lin and Levitan, 1991), the ability of neurons to alter their cellular 
properties in response to the environmental. 
1.3.5.2 In medical research 
ML-\{Viscum album L.) was used clinically in treatment of breast cancer patients 
(Hajto et al., 1989; 1990) and pancreatic cancer patients (Friess et al., 1996). It is now 
still in the trial stages. 
The potential usefulness of the anti-retrovirus lectins such as monocot mannose-
specific lectins and UDA as therapeutic agents against HIV-1 and HIV-2 (Weiler et al., 
1990; Balzarini et al., 1991,1992) awaits assessment. The biochemical characteristics 
of some of the plant lectins are summarized in Table 1.1 
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； i i ； ； 
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(Ricinus) ) Ricinus communis- galactosarnine 
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(furze) agglutinin (UEA) | 丨冗⑶^ 鄉 紅 L-fucose 
Table 1.1 The biochemical characteristics of some plant lectins 
1A 填nhnat 变 ecUns/ 
1.4.1 Some properties of animal lectins 
Animal lectins have been divided into classes depending on the nature of their 
carbohydrate ligands, the biological processes in which they play a role, their 
subcellular localization, and their dependence on divalent cations (Kilpatrick, 1995). 
Classification based on shared sequence characteristics is used to categorize the 
lectins. While the overall architecture of the lectin proteins shows a great variation, 
carbohydrate-binding activity can often be attributed to the carbohydrate-recognition 
domain (CRD). The animal lectins have been classified into three types: C-type, S-
type and N-type lectins (Drickamer and Taylor, 1993; Barondes et al., 1994a; 1994b). 
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The C-type (Ca2+-dependent) lectins are so named because they depend on calcium 
ions for activity. In addition, all of them are extracellular, although they bind to a 
variety of sugars. These proteins contain a characteristic carbohydrate-binding 
domain which is a framework sequence of 18 highly conserved amino acid residues 
(Kolatkar and Weis,1996; Feinberg et al., 2000). 
S-type lectins are another major group of animal lectins. They occur intracellularly 
and extracellularly in all vertebrate species. S-lectins are calcium-independent and 
soluble. They bind to beta-galactoside as well as other molecules. Because their 
carbohydrate-binding activity is inhibited by oxidation, the presence of thiols is 
essential for maintenance of the activity. 
S-lectins are dimers formed from two extended anti-parallel beta sheets and composed 
of a 133 amino acid residue monomer and a 132 amino acid residue monomer. They 
also possess two N-acetyllactosamine molecules. 
The N-and C-termini of each monomer are found at the dimer interface. The two 
monomers interact with one another by a two-fold rotation perpendicular to the beta 
sheets. There is one carbohydate-binding site per monomer. The two binding sites are 
located on the same side of the beta-sandwich on the far ends of the dimer. Beta sheet 
interactions across the monomers and the hydrophobic core contribute to maintenance 
of the quartemary structure. Al l protein-carbohydrate interactions involve side chains 
on the beta strands (Drickamer, 1988). 
N-type (Non-C and Non-S type) lectins do not constitute a family but rather consist of 
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an assembly of unrelated molecules which share only the characteristic of ability to 
bind to some carbohydrate structures (Kilpatrick, 1995). 
1.4.2 Functions of animal lectins 
1.4.2.1 In protein metabolism 
It was discovered that lectins in the membranes of liver cells bind to galactose 
residues which often constitute the subterminal sugar of serum glycoproteins. Aged 
glycoproteins, i. e. those which have lost their terminal sialic acid residues, are 
believed to be recognized by the lectins and thus removed from the circulation. Lectin 
activity may also be released from connective tissue by proteolysis. 
1.4.2.2 As a mediator of binding and phagocytosis of microorganisms 
A novel role attributed to the mannose and N-acetylglucosamine-specific macrophage 
lectin is to mediate binding and phagocytosis (i.e. lectinophagocytosis) of 
microorganisms that have on their surface complementary sugars. Examples include 
the phagocytosis of Aspergillus fumigatus and Klebsiella pneumoniae by murine and 
guinea pig lung macrophages, respectively, of Pseudomonas aeruginosa by 
monocyte-derived human macrophages (Kan and Bennett, 1988; Speert et a l , 1988), 
and of Leishmania donovani promastigotes by murine peritoneal macrophages. 
Macrophage membrane lectins with other specificities may also be involved in 
lectinophagocytosis (Blackwell et al., 1985; Sharon and Lis, 1989). 
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1.4.2.3 Control of differentiation and organ formation 
Some animal lectins are capable of regulating differentiation and organ formation 
(Sharon, 1983). It is perhaps the chief function of the widely occuring (3-galactoside-
specific lectins. Though classified as P-galactoside-specific, the individual lectins 
examined are vastly different in their preference for various galactose-containing 
oligosaccharides, indicating that perhaps no two of them are exactly the same in their 
fine carbohydrate specificities. A p-galactoside-specific lectin occurs on the 
epithelium of the mouse thymus and is presumably responsible for keeping immature 
thymocytes in the thymic cortex by binding to galactose residues on the surface of 
these cells (Levi and Teichberg, 1984). When the thymocytes mature, the galactose 
residues become hidden by attachment of sialic acid, and the cells lose their lectin-
binding ability. They are thus free to migrate to the thymic medulla, in which the 
mature thymocytes are located, or directly to go into the circulatory system (Sharon 
and Lis, 1989). 
1.4.2.4 Lectins and migration of lymphocytes 
During their normal life span, lymphocytes move from the bloodstream into the 
lymphoid organs, such as lymph nodes and Peyer's patches (Junqueira et al., 1995). 
An adhesive interaction which involves lectins and specific carbohydrates between 
lymphocytes and the endothelium of postcapillary venules marks the beginning of 
this migratory or homing process. Insight into the molecular basis of the adhesive 
interaction is obtained by in vitro experiments, which show that binding of both 
mouse and human lymphocytes to frozen sections of syngeneic lymph nodes is 
blocked by L-fucose, mannose 6-phosphate and fucoidin, (a polymer of L-fucose), 
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and a phosphomannosyl-rich polysaccharide from yeasts. Fucoidin also inhibits in 
vivo migration of lymphocytes into lymph nodes (Stoolman and Rosen, 1983). Hence, 
the recognition between lymphocytes and the cells of the lymphoid organs is based on 
lectin-sugar interactions. The lectin, which has been isolated from the mouse spleen 
using affinity chromatography on a monoclonal antibody against mouse lymphocytes, 
is a glycoprotein with a molecular mass of 90 kDa (Lasky et al., 1989; Sharon and Lis, 
1989). 
1.4.2.5 Lectins and metastasis 
The production of secondary tumors by circulating cancer cells (blood-bome 
metastasis) correlates with a greater tendency of the cells to develop form emboli by 
aggregating with other tumor cells or host cells. Several pieces of evidence strongly 
indicate that lectins on human and murine metastatic tumor cell surfaces may play a 
role in embolus formation (Raz and Lotan, 1987). The lectins may make it easier for 
the aggregates to adhere to endothelial cells of capillaries. They may bind 
complementary surface glycoconjugates on other tumor cells to mediate homotypic 
aggregation, or of host cells to mediate heterotypic aggregation or attachment to 
endothelial cells or extracellular matrix (Schumacher, 1995). 
3-Galactoside-specific surface lectins (with a molecular mass of 14.5 and 34 kDa) are 
found on different mouse and human tumor cells, such as melanoma, brosarcoma, and 
carcinoma (Raz and Lotan, 1987; Lotan and Raz, 1988). The ability of the cells to 
aggregate in response to some lectins correlates well with the metastatic potential of 
the tumor cells. Highly metastatic melanoma and fibrosarcoma cells that have been 
treated with the lectin antibody prior to injection into mice show significantly reduced 
24 
metastatic potential. Studies with lectin-resistant glycosylation mutants of a highly 
metastatic tumor cell line have disclosed that the loss of metastatic potential in some 
of the mutants is associated with some specific glycosylation defects, such as 
deficiency of sialic acid and galactose or the absence of p 1 -6-linked branches of N-
linked complex oligosaccharides. Revertants that regain the wild-type glycosylation 
profile are again highly metastatic. The distribution patterns of lectins and 
carbohydrates on normal and malignant cells are studied in the hope of finding clear-
cut differences that may be useful for diagnostic purposes. A serious effort is also 
made to exploit cell surface lectins as targets for the controlled and selective delivery 
of drugs to malignant cells (Sharon and Lis, 1989). 
Results of adhesion and inhibition experiments with parenchymal cells and tumor 
cells suggest that lectins mediate specific cellular interactions. Both in vitro and in 
vivo adhesion of tumor cells to parenchymal cells can be inhibited by lectin-blocking 
glycoconjugates while non-specific glycoconjugates do not inhibit the adhesion 
process. Accordingly, when organ-characteristic lectins are inhibited by competitive 
receptor analogues, tumor colonization can be significantly suppressed (Beuth et al., 
1995; Schumacher, 1995). 
1.5 ^IfLusAtaam/tecUm/ 
Mushrooms are macrofungi with fruiting bodies which are either epigeous or 
hypogeous and large enough to the naked eye to be hand-picked. Mushrooms are 
highly nutritive. Many are edible, and possess tonic and medicinal attributes. Lots of 
clinical studies have been carried out, primarily in China and Japan, and have clearly 
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illustrated that a number of mushroom species are useful for the preventionytreatment 
of cancer, viral diseases, hypercholesterolemia, blood platelet aggregation, and 
hypertension (Breene, 1990; Jong et al., 1991) 
Guillot & Konska (1997) have reviewed the following information. Lectins have been 
found on the caps, stipes and mycelia of mushrooms, and variations in lectin content 
occur depending on the carpophore age and the time and place of harvest. In 
mushrooms, lectins are probably involved in dormancy, growth and morphogenesis, 
morphological changes consequent on parasitic infection and molecular recognition 
during the early stages of mycorrhization. Mushroom lectins are used in taxonomical, 
embryological and bacteriological studies, study of the modifications in membrane-
glycoconjugates and cancer formation, cell sorting, sorting of mutant and tumour cells 
and isolation of membrane and serum glycoconjugates. 
Guillot & Knoska (1977) used a number of mushroom lectins as examples to illustrate 
the point that affinity chromatography, ion exchange chromatography and gel 
filtration were used successfully in the isolation of lectins. They concluded that 
mushroom lectins may show differences in the number of subunits, molecular mass, 
carbohydrate content, amino acid composition, isoelectric point, carbohydrate 
specificity and specificity toward human erythroctyes. 
The review article of Wang et al.(1998) summarizes existing information about 
mushroom lectins, especially those from the following species which have been well 
characterized including different Agaricus species, Amanita pantherina, Boletus 
saatanas, Coprinus cinereus, Ganoderma lucidum, Flammulina velutipes, Grifola 
frondosa, Hericium erinaceum, Ischnoderma resinosum, Lactarius deterrimus, 
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Laetiporus sulphureus, Tricholoma mongolicum and Volvariella volvacea. Mushroom 
lectins exhibit a wide range of chemical characteristics. Some of them are monomers, 
while others are dimer, trimer or tetramers. Their molecular masses vary from 12 to 
190 kDa, and the sugar contents from 0 to 18%. Carbohydrate specificities are also 
different and involve galactose, lactose and N-acetylgalactosamine. A small number 
of mushroom lectins are specific for fucose, raffinose, N-glycolyneuraminic acid and 
N-acetyl-D-galactosamine. Studies on immunomodulatory and antitumour/cytotoxic 
activities have been conducted on lectins from Agaricus bisporus, Boletus satanas, 
Flammulina velutipes, Ganoderma lucidum, Grifola frondosa, Tricholoma 
mongolicum and Volvariella volvacea. 
The biochemical characteristics of some of the mushroom lectins are summarized in 
Table 1.2 
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Table 1.2 Source and some properites of lectins isolated from mushrooms 
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1.6 ^^^Ze^utaUoivopteeUns/ 
Regulation of lectins is a question that few answers have been put forward. The 
control of the functionality of lectin is directly related to the environment in which the 
protein is found. The regulatory properties of three different types of lectins C-type, 
S-type and legume lectins are described below. 
S-type lectins are intracellular or extracellular matrix proteins that are contributory to 
tissue regulation and tumor development. They are active only in a reducing 
enviroment (Drickamer et al., 1988). The lectin combines with other similar proteins 
to produce a quaternary structure that contains an active site for oligosacharide 
binding. The orientation of two or more monomers allows the lectin to bury several 
cysteine residues. By keeping these residues apart in the molecule, the lectin can 
ensure that they remain reduced. I f the cysteine residues are consistently in a reduced 
state, the active site takes up an orientation that specifies for one specific sugar. 
However, i f the protein is subjected to an oxidized condition, the cysteine residues can 
form disulfide bridges. The consequence is the production of a more rigid structure 
that alters the active site and inhibits the function of the proteins. Hences, regulation 
of S-lectins is dependent on a reduced environment because structural properties of 
this protein depend on the inability of cysteine residues to form disulfide bonds 
(Whitney et a l , 1986). Bovine spleen S-lectin is composed of two monomers bound 
together by hydrophobic interaction. Within the structure of the bovine lectin, two 
significant cysteine residues regulate the protein. The two residues are kept deeply 
within the lectin protein in a reduced state. It is not clear why they are kept in a 
reduced form because they are not directly involved in the specific binding of sugar. 
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However, it has been speculated that the reduced residues keep the active site inactive 
(Liao et al., 1994). It is possible to deduce that in oxidative conditions S-type lectins 
lose their activity because the carbohydrate binding site is altered. This disruption 
may be due to the addition of disulfide bonds which alters the conformation of protein 
structure, thus leaving the carbohydrate-binding domain in an inactive state and 
inhibiting the function of the protein. 
In addition, C-type lectins are important in the biological system. It acts primarily as 
cell receptor sites for antibodies within the immune system. C-type lectins are 
extracellular proteins that are active only in the presence of calcium. Without the 
presence of calcium, the shape of the oligosaccharide binding site changes and the 
sugar does not recognize the protein as a receptor. The C-type lectin demonstrates 
specific binding to mannose, and has three specified binding sites for calcium. In the 
presence of calcium, two of the three calcium cations are quickly bound, while the 
third one is added to increase the stability of the structure. The stabilizing effect of 
water is also important which helps stabilize the third calcium ion as well as securing 
the entire structure (Bhattacharyya et al., 1985). Calcium allows the C-type lectins to 
fold into a conformation that places its hydrophilic active site in a favorable 
orientation for mannose binding. Alternatively, with the loss of only one calcium ion, 
the stability and functionality of the protein decline. Therefore, it is a calcium 
dependent reaction. 
Legume lectins possess properties analogous to those of the C-type lectins. 
Concanavalin A is a legume lectin with two metallic binding sites. The calcium ion 
occupies only one site, manganese binds to a secondary site, with the binding of these 
two metallic atoms taking place sequentially. Calcium is added to the protein first, 
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which alters the protein structure and facilitates the uptake of manganese. When both 
sites are occupied, the protein structure is available for sasccharide binding. Using 
cadmium or zinc to replace calcium and manganese does not change the carbohydrate 
binding affinity of the proteins or the biological role of the lectin (Thiel et al., 1997). 
It can thus be concluded that the presence of metallic cations is necessary for 
functionality in C-type lectins and several legume lectins. 
pH also contributes to the regulation of lectins. Bringing the pH to a value under 6.5 
produces conformational changes that result in inactivation of lectin (Drickamer et al., 
1988). This explains the regulation of the lectins at a molecular level. Since lectins are 
proteins that have functions in biological systems as "decoders" of information, the 
cell must contains information for their production. Several lectins are linked to 
specific genes. Mannose-binding protein, a lectin that has a high affinity for mannose, 
has been found to be regulated by a gene containing three exons -structural genes-and 
two introns -nonstructural genes which are spliced out during post translational 
modification (Drickamer K, and McCreary V., 1987). As more information is being 
revealed on the transcription process, the genetic regulation of lectins wi l l be 
disclosed. This information creates an understanding of how cells regulate their 
components which allows communication between cells to take place. 
1.7 恐s<Uatlo4V(md/fU(/dllcaUo4i/oplecUns/ 
Lectins can be isolated from plant extracts or other sources with several techniques 
(Kennedy et al., 1995). In ion exchange chromatography proteins are adsorbed to the 
matrix, mainly owing to ionic interaction with the adsorbent. Interference of 
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interactions by pH- dependent modifications, or by agents competing with the 
absorbents' charged groups, results in the elution of proteins into distinct fractions 
dependent on the binding of each sample component to the matrix. Exchangers such 
as DEAE-cellulose, CM-cellulose, CM-Sephadex, DEAE-Sephadex, SP-Sephadex 
and DEAE-Sepharose have all been successfully used. Gel filtration is based on 
percolation of a protein sample in the pores of inert matrices of controlled porosity 
such as crosslinked dextran and polyacrylamide, among others, with subsequent 
separation of the components by differential elution, in accordance with the molecular 
size (Franz, 1986; Yeung, et al., 1986). 
Affinity chromatography is one of the most powerful tools for purifying protein and 
its application is mainly based on the ability of a protein to bind carbohydrates 
specifically and reversibly (Kennedy et al., 1995). Different affinity matrices for 
lectins are selected in view of the lectin specificity to carbohydrates, which can be 
determined in assays measuring inhibition of hemagglutinating activity, by using 
simple monosaccharides or complex carbohydrates, such as Con A binding to 
Sephadex G-50, -75, -100 and -200 because its specificity is a-mannose/a-glucose. 
Lectins with a specificity to N-acetyl-D-glucosamine and its oligosaccharides can be 
purified using chitin as an affinity matrix. Lectins specific to galactose and its 
derivatives can be isolated using agarose, Sepharose and acid-treated Sepharose. 
Several affinity matrices have been produced by coupling carbohydrates or 
glycoproteins to different supports. Desorption of affinity matrices has been 
conducted biospecifically, using the competing carbohydrate or non-biospecifically 
by altering the pH or ionic strength. For instance, adsorbed Con A has been desorbed 
from Sephadex with glucose, D-fmctose, D-mannose, sucrose and methyl-p-D-
glucopyranoside (Ng et al., 1986; Kawagishi et al., 1990). 
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The high resolution techniques used to purifiy lectins include FPLC and HPLC. The 
surface lectin of pathogenic Entamoeba histolytica was isolated by affinity 
chromatography and then anion exchange chromatography on a Mono Q HR column 
using the FPLC system. HPLC can be used to estimate the molecular masss of 
purified lectins, to fractionate proteins and to separate peptide fragments resulting 
from endoproteinase digestion of purified lectins (Kawagishi et al., 1994; Konska et 
al., 1994). 
1.8 
The objective of the present study was initially to screen a variety of seeds, vegetables, 
fruits and Chinese medicinal materials for hemagglutinating activity and to select 
samples with high hemagglutinating activity for further purification of the lectins in 
the samples. Preliminary chromatographic fractionation experiments were then 
conducted to ascertain the feasibility of purifying lectins from these samples. 
The rhizomes of the Chinese medicinal material Smilax glabra and the seeds of the 
Chinese chestnut Castanea mollisima which were so selected were subjected to series 
of chromatographic fractionation procedures for lectin isolation. The lectins isolated 
were characterized with regard to molecular mass, carbohydrate specificity, acid 
lability, alkali lability, thermolability and stability in the presence of monovalent, 
divalent and trivalent cations. It was hoped that new lectins could be isolated. 
Establishment of the procedures for purifying these lectins would enable subsequent 
isolation of the lectins in larger quantities for further studies and characterization of 
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their biochemical and pharmacological properties. It was also hoped that the results of 
the present investigation would add to the literature on lectins (e.g. amino acid 
sequences), an important family of proteins. 
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Chapter 2 Screening for 
Hemagglutinating Activity in Extracts 
of Seeds，Fruits，Vegetables and Chinese 
Medicinal Herbs 
2.1 ^ntmducUoiv 
Lectins are a family of extensively studied proteins on account of their exploitable 
biological activites including antitumor (Beuth et al.,1995), immunomodulatory 
(Hajto et al.,1989;1990), antifungal , anti-viral (Balzarini et al.,1991;1992) and anti-
insect activities. Lectins also find application in scientific (Van Leuven et al, 1993) 
and medical (Hajto et al., 1989; 1990) research. Numerous research articles and books 
on lectins have appeared indicating the importance of research on lectins. 
It is known that lectins are widely distributed in plants, animals and other living 
organisms. The purpose of this investigation was to screen a variety of seed extracts, 
fruit extracts, vegetable extracts and extracts of medicinal plants for hemagglutinating 
(lectin) activity. Those extracts with significant hemagglutinating activity were 
selected. Preliminary chromatographic experiments were conducted to investigate the 
feasibility of purifying lectins from these extracts. Based on the results of this study 
the Chinese chestnut Castanea mollisima and the rhizome of the medicinal plant 
Smilax glabra were found to have sufficiently high lectin activity which could be 
subjected to various ion exchange and gel permeation chromatographic procedures 
resulting in preparation of purified lectins from the two sources. 
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2.2 ^fyiate/dats/and/meikads/ 
The seeds of Trichosanthes cucumeroides, Benincasa, hispida, Benincasa hispide var. 
chieh-qua, Lageneria siceraria, Cucumis sativis, Luff a acutangula, Momordica 
charantia and Cucumis melo were obtained from a local seed shop. The seeds of pears, 
tangerines, grapefruits and lychee were obtained from fresh fruits. The peas, beans 
and nuts were obtained from a local dealer. The vegetables were purchased from a 
local supermarket. The Chinese medicinal herbs were purchased from a local vendor. 
Freshly prepared extracts of the seeds, fruits and vegetables of various species and 
different Chinese medicinal herbs in phosphate-buffered saline (pH 7.2) were 
prepared (3 ml buffer/g). Sample and the extracts were tested for hemagglutinationg 
activity toward rabbit erythrocytes. 
A serial two-fold dilution of the lectin solution in micro titer U-plates (50 |LI1) was 
mixed with 50|LI1 of a 2% suspension of rabbit erythrocytes in pH 7.2 phosphate 
buffered saline at room temperature. The results were read after about 1 h when the 
blank had fully sedimented. A summary of the lectin assay procedure is presented in 
Fig.2.1 The hemagglutination titer, defined as the reciprocal of the highest dilution 
exhibiting hemagglutination, was reckoned as one hemagglutination unit. Specific 
activity is the number of hemagglutination units per mg protein. 
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Fig.2.1 Summary of lectin assay precedure 
Serial twofold dilution of lectin solution (50 |ul) in microliter U-
plates 
+ 
2% suspension of rabbit erythrocytes (50ul) in pH 7.2 phosphate 
buffered saline 
Mix 
，r 
Stand at room temperature for 1 hour solution 
Read results 
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2.3 
Of the various seed extracts tested, only those of trichosanthes cucureroides, 
tangerines, soybeans, blackeye beans, mung beans, black beans, lychee and chestnuts 
had significant hemagglutinating activity (Table 2.1). Of the vegetable extracts tested, 
only those of carrots, red chili, brown alga and lettuce exhibited obvious 
hemagglutinating activity (Table 2.2). Strawberry extract, tomato extract and date 
extract had some hemagglutinating activity (Table 2.3). Of the various extracts of 
Chinese medicinal materials tested, Prunella vulgaris, Li Hum brownii, Phytolacea 
acinosa, Pinella ternata and Smilax glabra showed significant hemmaggluinating 
activity. (Table 2.4) 
2 . 4 d i s c u s s i o n / 
The pea and bean extracts served as positive controls in this investigation because 
lectin have been purified from the soybean glycine max, the mung bean Phaseolus 
mungo and the garden pea Pisum sativum. 
The black bean is just a variety of glycine max. An attempt to purify the 
hemagglutinating activity in lychee seeds was not successful. The activity was 
essentially all unadsorbed on CM-Sepharose and so tightly adsorbed on DEAE-
cellulose that it could not be eluted even after elution with high concentrations of 
NaCl (1 M) or changes in the buffer pH (pH 7-9). The chestnuts furnished a good 
source for lectin purification because the hemagglutinating activity was both high and 
stable. An attempt to isolate chestnut lectin was recorded in Chapter 4. 
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The extracts of carrots and lettuce contained significant hemagglutination activity. 
However, the activity was not stable and underwent a substantial reduction during 
chromatography. Hence the isolation of carrot lectin and lettuce lectin is not likely to 
be an easy task and may involve first of all investigation of the optimal experimental 
conditions. 
The extracts of Phytolacca acinosa and Pinella ternata served as positive controls 
since lectins have been purified from these two medicinal herbs. The extracts of 
Prunella vulgaris and Li Hum brownii did not contain hemagglutinating activity which 
was amenable to purification. The lectin activity in the extracts of Camellia sinensis 
and Glehnia littorales were strongly bound on DEAE-cellulose that it defied attempts 
to isolate it. Attempts to purify lectins from them were unsuccessful. Smilax glabra 
extract contained hemagglutinating activity which was relatively stable and conducive 
to chromatographic isolation. The results of purification of Smilax glabra lectin are 
described in detail in Chapter 3. 
The results of the present study revealed that lectin was present in some, but not all, of 
the seeds, fruits, vegetables and Chinese medicinal herbs examined. Lectin could not 
be easily purified from all of the extracts with significant hemagglutinating activity 
when chromatographic methods such as ion exchange chromatography on CM-
Sepharose and DEAD-cellulose were used. This was because in some cases lectin 
activity was tenaciously adsorbed on the DEAE exchanger and unadsorbed on CM-
Sepharose with the result that ion exchangers cannot be made use of in purifying the 
lectin. Two of the extracts, one from the Chinese chestnut Castanea mollisima and 
another from the Chinese medicinal material Smilax glabra, could be easily 
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fractionated on the ion exchanger leading ultimately to purification of the lectins. 
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Table 2.1 Hemagglutinating Activity in Seed Extracts 
^ , Hemagglutinating activity 
oCCQS , • \ 
(units) 
Trichosanthes cucumeroides 5.5 
Benincasa hispida var. chieh-qua (hairy gourd) 1 
Benincasa hispida (wax gourd) 0.5 
Lagenaria siceraria (bottle gourd) 0 
Cucumris sativis 0 
Luff a acutangula (loofah) 0 
Momordica charantia (bitter melon) 2 
Ciicumis melo 0 
Pear 2.5 
Tangerine 4.5 
Grapefruit ^ 
Soybean 一 10.5 
Blackeye bean 4 
Mung bean 4.5 
Black bean 7 
Red bean 1.5 
Cashew nut 1.5 
Rice 一 1 _ 
Almond ^ 
Garden pea 10 
Lychee 8 
Chestnut 8 
Table 2.2 Hemagglutinating Activity in Vegetable Extracts 
Vegetable extracts Hemagglutinating activity 
(units) 
Carrot 6.5 
Parsley ^ 
Cauliflower 0.5 
White cabbage 0 
Lettuce 0 
Spinach 0 
Celery Q 
Kale 一 0.5 
Red chili 8 
Spring onion ^ 
Lemon grass 0 
White turnip greens 0.5 
Brown alga 3.5 
Lettuce 8 
Choy sum 0 
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Table 2.3 Hemagglutinating Activity in Fruit Extracts 
Fruit extracts [Hemaggl—at i^g activity 
(units) 
Grape 0 
Strawberry 3 
Banana 1.5 
Date 一 5 
Tomato 5 
Table 2.4 Hemagglutinating Activity in Extracts of Chinese Medicinal Herbs 
. .. . I l l 冬 ‘ Hemagglutinating activity Chinese medicina lerb extracts , . � (units) 
Panax quinquefolium 3 
Panax notoginseng 0 
Prunella vulgaris 7 
Epimedium sagittata leaves 1 
Lilium brow nil bulbs 5 
Phytolacca acinosa 
root crude powder 5.5 
root acetone powder 3.5 
leaf acetone powder 8 
seed acetone powder 7.5 
Trichosanthes kirilowii 
tuber acetone (Q.8v/v)powder 3.5 
tuber acetone (1.2v/v)powder 2 
tuber acetone (2.6v/v)powder 2 
Pinella ternata bulbs 6.5 
Camellia sinensis leaves 8 
Arctium lappa 0 
‘ Glehnia littorales 2.5 
Fritillaria cirrhosa 3 
Smilax glabra rhizomes 7 
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Chapter 3 Isolation of lectin from 
rhizomes of Smilax glabra (Family 
Liliaceae) 
3.1.1 Introduction about Smilax glabra and its chemical 
constituents 
Smilax glabra Rox B. (Family Liliaceae) is a Chinese medicinal herb. It is a perennial 
growing on dry slopes. It has antipyretic, detoxifying and diuretic actions. It is 
indicated in brucellosis, syphilis, fumnculosis, eczema, dermatitis, nephritis, cystitis, 
and mercury and silver posioning. 
Smilax glabra is a commonly used drug, first listed in Pen tsao kang mu under the 
creeping shrub category. It is also known as yu-yu-liang (discard or leftover) in Pen 
tsao shih /, in which this plant is described as a food substitute during famine. Simlaz 
glabra RoxB. is found in China S. china L. is found in Japan. 
It is sweet and possesses a bland flavor, with neutral property. It enters the liver and 
the stomach meridians. Its chemical constituents include three steroid saponins. 
Silaxsaponin A, B, and C may be isolated from S. China. Animal studies showed that 
S. china inhibited the growth of several transplanted tumors at a dosage range of 30-
60 g. For anticancer effect the dosage is between 500 and 750 g. 
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From the rhizome of Smilax glabra, a new flavanone was isolated and designated as 
smitilbin, along with six known compounds, engeletin, astilbin, dihydroquercetin, 
eurryphin, resveratrol, and 5-0-caffeoylshikimic acid. These compounds were 
subjected to the assay of liver nonparenchymal cells (NPC) against hepatocytes (HC) 
isolated from mice with an immunological liver injury. Against the NPC-caused 
elevation of ALT (alanine transaminase) in culture supernatant from HC, pretreatment 
of NPC with flavanoids dose-dependently inhibited ALT release while 
dihydroquercetein, the aglycone of astilbin, did not. The chromones elicited a much 
more potent inhibition. Resveratrol also manifested the activity. However, all of the 
above compounds did not suppress NPC or CClfinduced ALT release when they 
were used to pretreat HC. These results indicate that, with the exception of 
dihydroquercetin and 5-0-caffeoylshikimic acid, the others were capable of protecting 
hepatocyte damage from NPC through selectively producing the dysfunction of NPC 
with an essential requirement of rhamnose, and the chromone part in their structures 
may be essential for exhibiting the activity rather than through protecting the 
hepatocyte membranes (Chen et al.,1999). 
Three flavanonal glucosides have been isolated from the rhizome of Smilax glabra 
and identified as isoengetitin, isoastilbin and astilbin on the basis of their 
physicochemical and spectral data. Isoastilbin was isolated from Smilax for the first 
time (Chen et al., 1996). 
The methanol extract of the rhizomes of Smilax glabra (100 mg/kg body weight) 
significantly lowered the blood glucose level in normal mice 4 h after an 
intraperitoneal administration, and also significantly lowered the blood glucose level 
in KK-Ay mice, one of the animal models of non-insulin dependent diabetes melltius 
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(NIDDM) with hyperinsulinemia, under similar conditions. However, the extract did 
not affect the blood glucose level in streptozotocin-induced diabetic mice, one of the 
animal models of insulin-dependent diabetes mellitus (IDDM) with hypoinsulinemia. 
The extract suppressed epinephrine-induced hyperglycemia in mice. It also 
significantly decreased the blood glucose level in KK-Ay mice in an insulin tolerance 
test. It was concluded that the hypoglycemic effect of the extract was produced by 
enhancing insulin sensitivity (Fukunaga et al., 1997). 
3.1.2 Introduction about monocot lectins including 
Liliaceae lectins 
Lectins are a class of widely studied proteins with carbohydrate-binding specificity, 
first discovered in plants but now known to exist in other organisms including animals 
and microorganisms. They are used in blood grouping and erythrocyte 
polyagglutination studies, lymphocyte subpopulation studies, cell fractionation studies, 
and histochemical studies of normal and pathological conditions. The physiological 
role of lectins as plant defense proteins has been discussed by (Chrispeels and Raikliel 
1991). In the last decade there has been a rise of interest in lectins from monocot 
tissues. The monocot mannose-binding lectins belong to an extended superfamily of 
structurally and evolutionarily related proteins (Barre et al., 1996), which bind D-
mannosyl groups without interacting with internal mannosyl residues, D-glucose, and 
N-acetyl-D-gliicosamine (Van Damme et al., 1987, Kaku and Goldstein 1989). This 
exclusive binding specificity toward mannose sets the monocot lectins apart from 
lectins of legume origin such as concanavalin A, which also reacts with a -D-
glucopyranosyl groups. 
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Lectins with mannose-binding specificity have been purified from various monocot 
families including Alliaceae (Kaku et al., 1992; Van Damme et a l , 1995), Liliaceae 
(Oda and Minami, 1986; Oda et al., 1987; Koike et al., 1995a, 1995b, Van Damme et 
al., 1996), and Orchidaceae (Van Damme et al., 1994a). A mannose-binding lectin, 
with a molecular mass of 35 kDa was prepared from the leaf skin of Aloe arborescens 
(family Liliaceae) by (Koike et al., 1995a). The lectin was thought to comprise either 
three or four identical subunits. Its complete amino acid sequence elucidated by Koike 
et al. (1995b) displayed extensive homology to the mannose-binding lectin from bulbs 
of the snowdrop Galanthus nivalis (family Amaryllidaceae) (Van Damme et al., 
1991). 
Mannose-binding lectins were purified from the bulbs of the tulip Tulipa gesneriana 
(family Liliaceae) (Cammue et al., 1986; Oda and Minami, 1986; Oda et al., 1987; 
and Van Damme et al., 1996) Cammue et al., (1986) employed affinity 
chromatography on fetuin-agarose to isolate a tulip lectin that exhibited 
hemagglutinating activity toward animal erythrocytes. Its hemagglutinating activity 
on human erythrocytes was readily inhibited by N-acetylgalactosamine, lactose, 
fucose, and galactose. It exerted a higher specific hemagglutinating activity on rabbit 
erythrocytes but hapten inhibition studies disclosed a complex binding specificity. 
The lectin designated TxLCI (first Tulipa hybrid lectin with complex carbohydrate-
binding specificity), was made up of four identical subunits and possessed a 
molecular mass of 115 kDa. (Oda and Minami, 1986) isolated another tulip lectin, 
designated TxLM I (first mannose-binding Tulipa hybrid lectin), that exhibited 
binding to immobilized yeast mannans but no hemagglutinating activity toward 
animal erythrocytes. It demonstrated specificity toward mannose, mannose-6-
phosphate, fucose, and fucosamine. Subsequently a lectin that was similar to TxLCl 
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in amino acid composition, agglutination properties, and specificity was purified (Oda 
et al.,1987). It was a heterodimer with 26- and 14-kDa subunits. TxLCI was prepared 
from the fraction adsorbed on fetuin-Sepharose. Mannose-binding TxLMl (second 
mannose-binding Tulipa hybrid lectin) was prepared from the fraction unadsorbed on 
fetuin-Sepharose and subsequently adsorbed on mannose-Sepharose. Gel filtration on 
Superose 12 was carried out as a final purification step. TxLMl l was an 
unglycosylated homodimer with a molecular mass of 25 kDa. A comparison of its N-
terminal sequence with those of monocot mannose-binding lectins from Galanthus 
nivalis and Allium cepa discloses 53-60% similarity, suggesting that it belongs to the 
same superfamily of mannose-specific lectins. TxLMl l was distinct from TxLMI in 
amino acid composition, molecular mass, and abiliiy to agglutinate animal red cells. 
Van Damme et al. (1996) also characterized TxLCI, an unglycosylated tetramer 
consisting of four identical 28-kDa subunits that were at least partially cleaved into 
smaller 14-kDa polypeptides. Each TxLCI possesses a mannose-binding site and an 
N-acetylgalactosamine binding site situated in separate domains and acting 
independently of one another. The first domain of TxLCI is similar in sequence to 
TxLMl l inferential of an evolution of genes from a common ancestor. 
Mannose-binding lectins were isolated from the bulbs of garlic {Allium sativum) and 
ramsons {Allium ursinum) (family Alliaceae) (Kaku et al., 1992) and the leaves of 
three Orchidaceae species, List era ovata, Epipactis helleborine, and Cymbidium 
hybrid. Mannose-binding lectins were purified (Saito et al., 1993; Van Damme et al., 
1994b) using a procedure described by Van Damme et al. (1996) for isolating the tulip 
lectin TxLMII. The lectins were composed of two subunits of 12-13 kDa. The amino 
acid sequences of the aforementioned three lectins were resembled to those of 
amaryllis Hippeastrum hybrid (family Amaryllidaceae) (Kaku et al., 1990). 
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A mannose-binding lectin has been purified from bulbs of the snowdrop G. nivalis 
(family Amaryllidaceae) (Van Damme et al.,1987 and Kaku and Goldstein, 1989). The 
snowdrop lectin was tetrameric, consisting of four identical subunits each with a 
molecular mass of 13 kDa. It agglutinated rabbit but not human erythrocytes. Lectins 
were also isolated from three other members of family Amaryllidaceae, namely, the 
daffodil N. pseudonarcissus and two snowflake species, Leucojum vernum and 
Leucojum aestivum (Van Damme et al.,1988). The purification procedure was similar 
to that used for snowdrop (Van Damme et al., 1987). The lectins, which were 
homodimers consisting of two 13-kDa subunits, agglutinated rabbit but not human red 
cells. 
A mannose-binding lectin was isolated from leaves of the Chinese daffodil Narcissus 
tazetta (family Amaryllidaceae) employing a procedure that involved extraction with 
aqueous buffer, ammonium sulfate precipitation, ion exchange chromatography on 
DEAE-cellulose, affinity chromatography on Affi-gel Blue gel and mannose-agarose, 
and FPLC-gel filtration on Superose 12. The lectin was adsorbed on mannose-agarose 
and unadsorbed on DEAE-cellulose and Affi-gel Blue gel. It was an unglycosylated 
homodimer with a molecular mass of 26 kDa. Analysis of the N-terminal sequence of 
the N. tazetta lectin disclosed substantial homology to lectins from the daffodil 
Narcissus pseudonarcissus, the snowdrop Galanthus nivalis (family Amaryllidaceae), 
the tulip Tulipa, and Kidachi aloe Aloe arborescens (family Liliaceae), and the orchid 
lectins (family Orchidaceae). The highest resemblance exists among the 
Amaryllidaceae lectins. The N. tazetta lectin displayed hemagglutinating activity 
toward rabbit erythrocytes (〇oi et al., 1998). 
The isolation of three lectins with similar N-terminal amino acid sequences from the 
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bulbs of the Chinese daffodil Narcissus tazetta has been accomplished. The isolation 
protocol entailed ion exchange chromatography on DEAE-cellulose, affinity 
chromatography on mannose-agarose, and fast protein liquid chromatography-gel 
filtration on Superose 12. A l l the lectins were adsorbed on mannose-agarose and 
displayed a single band with a molecular mass of 13 kDa in SDS-polyacrylamide gel 
electrophoresis and a single 26 kDa peak in gel filtration, suggesting that they were 
dimeric mannose-binding proteins. The lectins differed in hemagglutinating activity, 
with the magnitude of the activity correlating with the ionic strength of the buffer 
required to elute the lectin from the DEAE cellulose column. The bulb lectin did not 
exert potent cytotoxicity against cancer cell lines or fetal bovine lung cells but 
inhibited syncytium formation in, and reinstated viability of, fetal bovine lung cells 
infected with bovine immunodeficiency virus (Ooi et al., 2000a). 
Three mannose-specific lectins exhibiting considerable similarities in NH2-terminal 
amino acid sequence were isolated from leaves of the Chinese daffodil Narcissus 
tazetta (Family Amarydaceaelli). The purification protocol involved extraction with 
an aqueous buffer, anion exchange chromatography on DEAE-cellulose using 
stepwise elution with increasing salt concentrations, affinity chromatography on 
mannose-agarose, and FPLC-gel filtration on Superose 12. From the peak unadsorbed 
on DEAE-cellulose, and two peaks adsorbed on the ion exchanger and eluted 
respectively with 0.2 M Tris-HCl buffer and 0.5 M NaCI, were prepared fractions 
which yielded isolectins 1 , 2, and 3 after adsorption on mannose-agarose and FPLC-
gel filtration. A l l three isolectins were homodimers with a molecular mass of 26 kDa. 
The lectin unadsorbed on DEAE-cellulose had the lowest, while the most strongly 
adsorbed lectin had the highest hemagglutinating activity (Ooi et al., 2000b). 
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An attempt to isolate a lectin from the rhizome of Smilax glabra, a member of 
Liliaceae, was made in the present study. Lectins from the leaves and bulbs of 
Liliaceae plants including aloe and tulip have been isolated. The present investigation 
represents the first study on the rhizomes of another Liliaceae plant. Hitherto very few, 
i f any, lectin has been isolated from the rhizome of a monocotyledonous plant. 
3.2 ^WlalMiats/and/meikads/ 
Raw material was purchased from a local vendor. CM-Sepharose and DEAE-cellulose 
were performed by using the Econo column from Bio-Rad. Resource Q HR 10/10 and 
Superose 12 HR 10/30 were performed by using AKTA Purifier (Amersham 
Pharmacia Biotech). Reagents used for SDS-PAGE and moleular weight standard 
markers for SDS-PAGE were purchased from Sigma, Missouri, U.S.A. Resource Q 
HR 10/10 and Superose 12 HR 10/30 were ordered from Amersham Pharmacia 
Biotech, Uppsala, Sweden. SPECTRA/POR dialysis membrane (MWCO 6000-8000) 
was purchased from Spectrum, California, U.S.A. A l l buffer used for the ATKA 
Purifier was filtered through a 0.22 um syringe filter (Millipore, Massachusetts, 
U.S.A.) before it was used. 
3.2.1 Isolation of lectins from Smilax glabra rhizomes 
For the isolation of lectin, Smilax glabra rhizomes (600g), which were purchased 
from a local vendor of Chinese medicinal herbs, were extracted (3 ml/g) with 10 mM 
NH4OAC buffer (pH 4.6). The homogenate was then centrifuged (14000 rpm) at 4°C 
for 30 min. The supernatant was directly loaded on a column of CM-Sepharose which 
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had previously been equilibrated with and was then eluted with lOmM NH4OAC 
buffer (pH 4.6). After removal of unadsorbed proteins (fraction CMl ) , which 
constituted the bulk of proteins in the extract and were devoid of lectin activity as 
evidenced by inability to induce hemagglutination in rabbit erythrocytes, adsorbed 
proteins with hemagglutinating activity (fraction CM2) were eluted with 50 mM, 150 
mM, l M NH4OAC buffer (pH 6.7). No proteins were eluted with higher 
concentrations of NH4OAC. The adsorbed fraction (CM2) was lyophilized and loaded 
on a DEAE-cellulose column which was eluted with a linear NaCl concentration 
gradient (0- lM) in lOmM Tris-HCl buffer (pH 7.2). Lectin activity was concentrated 
in the descending half of the peak from the DEAE-cellulose column designated DE2. 
The fractions were lyophilized and applied to a Resource Q column in 10 mM Mes 
buffer (pH 6.0). After elution of a tiny unadsorbed peak, two small adsorbed peaks 
(eluted by 0.17M and 0.19M NaCl respectively) followed by a large adsorbed peak 
(eluted by 0.3M NaCl) came off. The peak eluted at 0.19M NaCl contained lectin 
activity. This peak was subjected to further purification on a Superose 12 column. The 
first peak containing hemagglutinating activity was collected for SDS-PAGE, N-
terminal sequencing analysis and further studies. In SDS-PAGE electrophoresis the 
active fraction demonstrated two major bands with a molecular mass of about 14 
KDa. 
The scheme used to purify Smilax glabra lectin is presented in Fig. 3.1 
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Fig 3.1 Scheme for purifying Smilax glabra lectin 
Scheme for purifying Smilax glabra lectin 
Smilax glabra rhizomes extracted with lOmM 
from Guandong area • NH4OAC buffer (pH 4.6) 
(600 gm) overnight at 4°C 
/ 
Centrifugedatl4000rpm, ^ ^ , Ppt.(discarded ) 
30mins at 4°C ^ ^ ^ 
• 
Supernatant 
I 
CM-Sepharose column equilibrated and eluted with lOmM NH4OAC 
buffer (pH 4.6) 
^ ^ 
Unadsorbed fraction 
(CMl) (discarded) 
1 r 
Adsorbed fraction 
(i) eluted with 50mM (ii) eluted with 150mM (iii) eluted with I M 
NH4OAC (pH 6.7) NH4OAC (pH 6.7) NH4OAC (pH 6.7) 
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Fig 3.1 (continued) 
50mM NH4OAC 150mM NH^OAc 1M NH^OAc 
(pH 6.7) (pH 6.7) (pH 6.7) 
” ” ” 
Lectin-enriched No protein No protein 
fraction (CM2) (discarded) (discarded) 
(213mg) 
lyophilized 
> r 
Dissolved in 10 
mM Tris -HCl (pH • DEAE-celluose 
7.2) ^ ^ ^ ^ 0-1M NaCI gradient 
^ ^ ^ ^ inlOmM Tris-HCI (pH 
\ 7.2) 
Ascending half of Descending half of 
peak with lower peak with higher lectin 
lectin activity was activity was collected 
discarded. and lyophilized. 
， r 
FPLC on 
Resource Q 
^ ^ ^ ^ ^ lOmMMes 
(pH 6.06) 
Small unadsorbed Adsorbed protein 
peak (discarded) 
^ ^ 0 - 0 . 4 M 
NaCI ” 
gradient 
^ • Peaks ( I M N a d ) 
Peak 1 eluted by Peak 2 (lectin (discarded) 
(0.17M NaCI) enriched) eluted by 
(discarded) 0.19 M NaCI 
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Fig 3.1 (continued) 
Peak 2 
，r 
After dialysis and lyophilization, the fraction was loaded to 
a Superose 12 column 
200mM NH4OAC (pH 
7.2) Flow: 0.5ml/ml 
，r 
Three peaks were 
obtained 
Peak 1 Peak 2 (discarded) Peak 3 
(Contain (discarded) 
purified lectin) 
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3.2.2 Assay for hemagglutinating activity 
A serial two-fold dilution of the lectin solution in microtiter U-plates (50 jul) was 
mixed with 50|il of a 2% suspension of rabbit erythrocytes in pH 7.2 phosphate 
buffered saline at room temperature. The results were read after about 1 h when the 
blank had fully sedimented. A summary of the lectin assay procedure is presented in 
Fig.2.1 The hemagglutination titer, defined as the reciprocal of the highest dilution 
exhibiting hemagglutination, was reckoned as one hemagglutination unit. Specific 
activity is the number of hemagglutination units per mg protein. 
3.2.3 Test of inhibition of lectin-induced 
hemagglutination by various carbohydrates 
The hemagglutination inhibition tests were performed in a manner analogous to the 
hemagglutination test. Serial twofold dilution of sugar samples were prepared in 
phosphate buffered saline. A l l of the dilutions were mixed with an equal volume 
(25|li1) of a solution of the lectin with 8 hemagglutination units. The mixture was 
allowed to stand for 30 min at room temperature and then mixed with 50|il of a 2% 
rabbit erythrocyte suspension. The minimum concentration of the sugar in the final 
reaction mixture which completely inhibited 8 hemagglutination units of the lectin 
preparation was calculated. 
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3.2.4 Effects of acid, alkali, temperature and cations on 
hemagglutinationg activity of lectin 
The lectin was exposed to acid or alkali for 1/2 hour, to various temperature for 1 
hour and to cations for 1 hour before assay for hemagglutinating activity. 
3.2.5 Determination of protein concentration 
Protein concentration was determined by the method of Bradford using bovine serum 
albumin as a standard and colour reagents from Bio-Rad. 
3.2.6 Molecular mass determination by SDS-PAGE 
SDS-PAGE (15%, w/v) was performed in a Bio-Rad mini protein gel apparatus 
according to the method of Laemmli. The gel was visualized after staining with 
Coomassie Brilliant Blue R-250. 
3.2.7 Molecular mass determination by gel filtration 
Gel filtration for measuring the molecular mass (MW) of native lectin was carried out 
on a Superose 12 HR 10/ 30 column with an FPLC system. Standard protein markers 
used included carbonic anhydrase (MW 29000), bovine serum albumin (MW 67 kDa), 
yeast alcohol dehydrogenase (MW 150kDa), and amylase (MW 200kDa). 
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3.2.8 Amino acid sequence analysis. 
The N-terminal amino acids of were determined by automated Edman degradation. 
Microsequencing was performed using a Hewlett Packard lOOOA protein sequencer 
equipped with an HPLC system. 
3.3 IZesddt^ 
When the extract of Smilax glabra rhizomes was subjected to ion exchange 
chromatography on CM-Sepharose, the bulk of the material resided in the unadsorbed 
fraction, which was eluted by 10 mM NH4OAC (pH 4.6). When the column was eluted 
with 50mM NH4OAC (pH 6.7), a small peak followed by a sharp peak was eluted. No 
additional peaks were detected after the column was flushed with 150 m M NH4OAC 
(pH 6.7) and again with I M NH4OAC (pH 6.7) (Fig.3.2). Hemagglutinating activity 
was detected in the peaks eluted by 50 mM NH4OAC. The fractions were pooled, 
lyophilized and applied to a DEAE-cellulose column which had previously been 
equilibrated and was eluted with 10 mM Tris-HCl (pH 7.2). After elution of an 
unadsorbed fraction, the column was subsequently eluted with a linear NaCl gradient 
(0-1 M) in the same buffer. A peak which was not quite symmetrical in appearance 
was formed when a NaCl concentration of about 0.5 M was reached (Fig.3.3). The 
descending half of the peak, with higher hemagglutinating activity than the ascending 
half, was collected for further purification on a Resource Q column by fast protein 
liquid chromatography after dialysis and lyophiliztion. Unadsorbed proteins which 
were eluted by lOmM Mes buffer, pH 6.06, did not demonstrate hemagglutination 
activity. A peak (Re3) of adsorbed proteins showing hemagglutinating activity 
together with a large inactive peak were eluted by (0.19M NaCl) using a linear NaCl 
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when a gradient (0-0.4M) in the Mes buffer was applied. A small peak eluted by I M 
NaCl did not possess hemagglutination activity (Fig. 3.4). The peak with 
hemagglutinating activity (Re3) was subjected to gel filtration on Superose 12 by fast 
protein liquid chromatography. Three peaks were obtained. The first one, with an 
elution volume (12 mis) larger than that of yeast alcohol dehydrogenase (150 kDa) 
possessed hemagglutinationg activity while the second and third peaks from the 
Superose 12 column did not (Fig. 3.5). There was an approximately 50-fold increase 
in specific hemagglutinating activity when the crude extract was subjected to various 
purification steps until purified lectin was obtained. In SDS-PAGE, the purfied lectin 
was dissociated into 2 subunits, one with a molecular mass of 17 kDa and the other 
with a molecular mass of 15 kDa (Fig.3.6). A solution of the lectin with 8 
hemagglutinating units of activity was not inhibited by any of the following 
carbohydrates at 0.5M: L(-) mannose, D(+) mannose, D(-) mannosamine, L(-) 
rhamnose, D(+) galactose, D(+) glucosamine, a -L(-) fucose, D(+) galactosamine, a 
-lactose, a -D(+) melibiose, a (+) xylose, D(+)-raffinose, D(+)-glucose (Table 3.2). 
The hemagglutinating activity of Smilax glabra was very sensitive to acid and alkaki 
(Table 3.3). However, it was stable at temperatures up to 50°C. At 60°C only half of 
the activity remained. At 70°C 25% of the activity was left. At 80°C and above, there 
was essentially no activity remaining (Table 3.4). The lectin activity was not affected 
by any of the following: chlorides at 1.56, 3.12, 6.25and 12.5 mM: NaCl, KCl, NH4CI, 
CaCl2, MgCl2, MnCl2, CuCl] and FeCl〗. 
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3 5 150mM NH4OAC 
lOmM NH4OAC (pH 4.6) 
4 �乂 CMz (pH 6.7) 
2.5 - j \ 50mM \ I M 
\ NH4OAC \ NH4OAC 
義 2 _ \ (pH 6.7) (pH 6.7) 
Q 1.5 -T \ 卜 
。 i \ 
C M l \ 
0.5 \ — 丨 
Q i L J ^ I 
0 500 1000 1500 2000 2500 3000 
Elution volume (ml) 
Fig 3.2. Elution profile of Smilax glabra rhizome extract from a 
CM Sepharose column (20cm X 2.5cm) (Flow rate: 100 
ml/hr) 
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Fig.3.3 Elution profile of fraction CM2 from a DEAE-cellulose 
column (8cm X 2.5cm) (Flow rate: lOOml/hr) 
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Fig.3.4 Elution profile for fraction Re2 on Resource Q column 
(Flow rate: 3ml/min) 
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Fig.3.5 Elution profile for active peak from Resource Q on a 
Superose 12 column (Flow rate: 0.5 ml/min) 
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Fig 3.6 Calibration curve of superose 12 column. The four markers used are: beta-
amylase (200 kDa), yeast alcohol dehydrogenase (150 kDa), bovine serum 
albumin (67 kDa), and carbonic anhydrase (30kDa). 
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雷 — • 嚇 
Lane 1 2 3 4 
Fig 3.7 Sodium dodecyl sulfate-polyacrylamide gel electrophoretic pattern. Molecular 
mass markers from top downwards , phosphorylase b (94 kDa), bovine serum 
albumin (67 kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa), trypsin 
inhibitor (20 kDa) and a -lactalbumin (14.2 kDa). Lanes (1-4) show Si ml ax 
glabra lectin. 
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Fig 3.8 Standard curve for determinating the subunits molecular 
weight of Smilax glabra 
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Protein Hemagglutinating Specific Activity 
concentration 丄 . • ？ ， . 丄 、 “ “ � 
(mg/ml) activity (unit) (U/mg) 
crude extract 10.03 6 12J 
CM2 (obtained 
f e ^ M - 42 6 10 480 
Sepnarose 
column) 
DE2 (obtained 
after DEAE- 50.09 12 1635 
cellulose column) 
Re3 (obtained 
after Resource Q 0.59 7 4339 
column) 
Sel (obtained 
after Superose 12 0.095 5 6736 
column) 
Table 3.1. Hemagglutinating activity at various stages of purification of Smilax glabra 
lectin 
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Minimum conc. of carbohydrates 
Name of carbohydrates required to inhibit 8 hemagglutinating 
units of Silmax glabra lectin activity 
L(-) mannose M 
D(+) mannose M 
D(-) mannosamine M 
L(-) rhamnose M 
D(+) galactose M 
D(+) glucosamine M 
a -L(-) Fucose M 
D(+) galactosamine M 
a -lactose N I 
a -D(+) melibiose N I 
a (+) xylose N I 
D(+)-raffinose M 
D(+)-glucose monohydrate M 
NI= no inhibition at 0.5M carbohydrate 
Table 3.2 Lack of inhibitory effects of various carbohydrates on hemagglutinating 
activity of Smilax glabra lectin 
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HCl NaOH 
0.025M 0.05M O.IM 0.025M 0.05M O.IM 
Titer 32 8 0 16 4 0 
A 二《 / 25 6.25 0 12.5 3 0 
retained % 
Hemagglutinating titer of PBS-treated lectin was 128 
Table3.3 Effects of acid and alkali treatments on hemagglutinating activity of Smilax 
glabra lectin. 
Temperature ^^ 20 30 40 50 60 70 80 90 100 
\ L) 
Titer 128 128 128 128 128 64 32 4 0 0 
Ae.tivit：^ 100 100 100 100 100 50 25 3 0 0 
retained % 
Table 3.4 Effect of temperature on hemagglutinating activity of Smilax glabra lectin 
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： ^ ] r ^ ^ 1 % identity in Families compared Lectins compared 
s e q u e n c e 
TXLCI VS SGL 45 
Liliaceae vs Liliaceae 丁 t a / t t t o 
TxLMII2 vs SGL ^ 
NPA(B)-GNA % 
Amaryllidaceae vs Amaryllidaceae NPA(B)-HHA 90 
NPA(B)-NTL(L) 85 
“ ；;7； NL vs SGL 34 
Amaryllidaceae vs Liliaceae GNA vs SGI 34 
Orchidaceae vs Liliaceae LOA as SGL ^ 
Alliaceae vs Liliaceae ASA vs SGL 33 
SGL = Smilax glabra lectin, 
TxLCI = first Tulipa hybrid lectin with complex carbohydrate-binding specificity, 
TxLMI I = second mannose-binding Tulip hybrid lectin, 
GNA = snowdrop (Galanthus nivalis) agglutinin, 
LOA = Listera ovata agglutinnin, 
ASA = Al l ium sativum lectin, 
HHA = Hippeastrum hybrid agglutinin, 
NTL = Narcissus tazetta lectin from bulbs 
Table 3.5 Comparison of N-terminal amino acid sequencing of the Smilax glabra 
lectin with related lectins. 
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f 
3 A ^ iscusslan/ 
The lectin purified in this study from Smilax glabra, a member of Family Liliaceae, 
was similar to previously isolated Liliaceae lectins in that it was composed of subunits. 
Aloe arborescens leaf lectin (AAA) has a molecular mass of 35kDa and is made up of 
3 or 4 subunits (Koike et al., 1995). TxLCI, first Tulipa hybrid bulb lectin with 
complex carbohydrate-binding specificity, possesses a molecular mass of 115 kDa and 
is comprised of 4 subunits (Van Damme et al. 1996). TxLM(II), second mannose-
binding Tulip hybrid bulb lectin, exhibits a molecular mass of 25kDa and is composed 
of 2 subunits (Van Damme et al., 1996). Thus the Smilax glabra lectin resembles 
TxLM(II) and AAA in the low molecular mass of its subunits. Another salient feature 
of Smilax glabra lectin is that there are two different types of subunits, one slightly 
larger (with a molecular mass of 17 kDa) than the other (with a molecular mass of 15 
kDa). 
The carbohydrate binding specificity of Smilax glabra lectin resembled that of TxLCI 
which has complex carbohydate-binding specificity, but was unlike that of AAA and 
TxLM I I which are mannose-binding lectins. 
The specific hemagglutinating activity of Smilax glabra lectin was about the same as 
that of the mannose-binding lectin purified from leaves of the Chinese daffodil 
Narcissus tazetta (Ooi et al., 1998). The mannose-binding isolectin unadsorbed on 
DEAE-cellulose, which was isolated from the bulbs of the Chinese daffodil, also 
manifested similar specific hemagglutinating activity (Ooi et al., 2000a). 
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Previously different chromatographic methods have been utilized for isolating 
monocot lectins. In the present study affinity chromatography on mannose-agarose 
was not performed in view of the complex carbohydrate binding specificitiy oi Smilax 
glabra lectin. Ammonium sulfate precipitation utilized by Ooi et al. (1998) for 
Chinese daffodil leaf lectin was not included as a step in the purification protocol. Ion 
exchange chromatography on DEAE-cellulose and gel filtration by FPLC on Superose 
12, were included in the protocol as in the case of procedures for purifying lectins 
from the bulbs (Ooi et a l , 2000) and leaves (Ooi et al., 1998) of the Chinese daffodil. 
Ion exchange chromatography on CM-Sepharose and Resource Q were additional 
steps introduced into present the isolation scheme. 
The yield of the Chinese daffodil leaf lectin (4.8mg/kg leaves) compared favourably 
with that of AAA (Koike et al., 1995), whereas this study showed that the yield of 
lectin from rhizome of Smilax glabra was about 3.6mg/kg. 
The hemagglutinating activity of Smilax glabra lectin was not stable under acidic and 
alkaline condition because a drastic decline in activity occurred. The activity was less 
affected by a rise in temperature: half of activity remained at 60。C. The loss of lectin 
activity in acidic and alkaline conditions and at high temperatures is probably due to 
denaturation of the protein. The activity was not affected by the monovalent cations 
(Na+, K+, NH4+), the divalent cations Mg-\ and the trivalent cation 
Fe3+. 
From the amino acid sequences obtained from the subunits of the Smilax glabra lectin, 
it is observed that the subunits share a high similarity (88%). Together with the 
molecular mass obtained from the Superose 12 column which is about 32 kDa, it can 
72 
be concluded that the Smilax glabra lectin consists of two similar subunits and has a 
molecular mass of about 32 kDa 
After comparing the N-terminal amino acid sequences obtained from the 17 kDa 
subunit of the Smilax glabra lectin (Table 3.6) with other lectins from closely related 
or the same families, it can be seen that Smilax glabra lectin possesses some 
similarities in amino acid sequence with lectins from the Liliaceae family and some 
nearby families. On the other hand, the degree of resemblance is much lower than the 
homologies in others lectins (Table 3.7). 
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Chapter 4 Isolation of lectin from seeds 
of the Chinese chestnut Castanea 
mollisima (Family Fagaceae) 
cAemUuit constUueMs/ 
Chestnuts contain more water and less oil than most nuts. They are harder than the 
typical nut, and have often been used for flour or consumed like the potato. The 
Chinese chestnut {Castanea mollisima) has the smallest tree in the chestnut family. 
The different species of chestnut require very little care. The chestnut weevil can be a 
problem, but it is mainly found in the eastern US. 
A number of hybrids of Chinese, Japanese, European, and American chestnuts are 
available. They are presumably blight resistant. Chinapkins of the genus Castanopsis 
are probably the evolutionary ancestor of chestnuts and oaks: they have nuts like 
chestnuts and twigs like oaks. 
After mimosa and quebracho extracts, the chestnut extract is the third most important 
vegetable tannin used for leather production. It is produced only in Europe on the 
northern side of the Mediterranean sea. The extract is prepared by hot water extraction 
of the bark and timber, followed by spray-drying of the solution. Analysis shows that 
there are insignificant variations in extract quality between batches, and so the extract 
can be used with modem automated leather production systems. The extract contains 
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approximately 75 percent active tanning substances. The primary component is 
castalagin, together with smaller amounts of vescalagin, castalin, and vescalin. A 
castalagin-based pharmaceutical product is currently in use for prevention and 
treatment of diarrhea caused by changes in diet in pigs and cattle. The beneficial 
effect is due to prevention of water losses through mucous membranes. The castalagin 
may also form chelates with iron, which influences the reabsorption of the metal in 
the animal digestive tract (Krisper et al., 1992). 
The anti-allergic actions of the leaves of Castanea crenata have been studied. The 
water extract demonstrated potent anti-allergic actions in in vivo and in vitro 
experiments. The oral or intraperitoneal administration of the extract (100 or 200 
mg/kg) resulted in a significant inhibition of the 48 hr-PCA (up to 90%) and the 
vascular permeability induced by histamine or serotonin in rats (about 80%). The 
anaphylactic release of beta-hexosaminidase from RBL-2H3 cells was also 
significantly inhibited by the extract in a dose-dependent manner with an IC50 value 
of 230 |ag/ml. The activity-guided fractionation of the extract, based on the 
determination of inhibitory effect upon the release of beta-hexosaminidase, led to the 
isolation of quercetin as an active principle responsible for the inhibition of 
degranulation (Lee et al., 1999). 
Type I allergy to pollen of the European chestnut {Castanea sativa) represents a major 
cause of pollinosis in (sub) Mediterranean areas. Using sera from 14 patients with 
established allergy to pollen of the European chestnut, 13/14 sera (92%) showed IgE-
binding to a 22 kDa protein, 2/14 (14%) displayed additional binding to a 14 kDa 
protein and 1/14 (7%) bound only to the 14 kDa protein of European chestnut pollen 
extract. Two monoclonal mouse antibodies, BIP 1 and BIP 4, directed against 
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different epitopes of Bet v I (the major birch pollen allergen), and a rabbit antibody to 
recombinant birch profilin (rBet v II), were used to characterize the proteins of the 
European chestnut pollen. The recombinant birch pollen allergens, rBet v I and rBet v 
I I (profilin), were employed to show common allergenic structures on proteins from 
both birch and European chestnut pollen by IgE-inhibition experiments. Despite the 
fact that the 22 kDa protein displayed a higher molecular mass in comparison to the 
17 kDa major birch pollen allergen, Bet v I, the reactivity of both monoclonal 
antibodies, BIP 1 and BIP 4, with this protein was demonstrated. A complete 
inhibiton of IgE-binding to this 22 kDa protein was shown by pre-incubating sera 
with purified recombinant Bet v 1. In addition, the 14 kDa protein could be identified 
by IgE-inhibition studies with recombinant Bet v I I and by using a rabbit anti-profilin 
antibody as the profilin from pollen of the European chestnut (Hirschiverhr et 
al.,1993). 
Cystatin CsC, a cysteine proteinase inhibitor from chestnut {Castanea sativd) seeds, 
has been purified and characterized. Its full-length cDNA clone was isolated from an 
immature chestnut cotyledon library. The inhibitor was expressed in Escherichia coli 
and purified from bacterial extracts. Identity of both seed and recombinant cystatin 
was confirmed by matrix-assisted laser desorption/ionization mass spectrometry 
analysis, two-dimensional electrophoresis and N-terminal sequencing analysis. CsC 
has a molecular mass of 11,275 Da and a pi of 6.9. Its amino acid sequence includes 
all three motifs that are thought to be essential for inhibitory activity, and shows 
significant identity to other phytocystatins, especially that of cowpea (70%). 
Recombinant CsC inhibited papain (Ki 29 nM), ficin (Ki 65 nM), chymopapain (Ki 
366 nM), and cathepsin B (Ki 473 nM). By contrast with most cystatins, it was also 
effective towards trypsin (Ki 3489 nM). CsC is active against digestive proteinases 
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from the insect Tribolium castaneum and the mite Dermatophagoides farinae, two 
important agricultural pests. Its effects on the cysteine proteinase activity of two 
closely related mite species revealed the high specificity of the chestnut cystatin 
(Pernas et al., 2000). 
The antifungal, acaricide and inhibitory activities of systratin (CsC) suggest its 
involvement in defence mechanisms. The CsC transcription levels declined during 
seed maturation and rose throughout germination, an opposite trend to that shown by 
most phytocystatins. No inhibition of endogenous proteinase activity by CsC occured 
during the seed maturation or germination processes. CsC message accumulation was 
induced in chestnut leaves following fungal infection, as well as by wounding and 
jasmonic acid treatment. Induction in roots was also observed by the last two 
treatments. Furthermore, CsC transcript levels were elevated strikingly, both in roots 
and leaves, when chestnut plantlets were subjected to cold- and saline-shocks, and 
also in roots by heat stress. A l l together, these data suggest that chestnut cystatin plays 
a role not only involved in defence responses to pests and pathogen invasion, but also 
in those related to abiotic stress (Pernas et al., 1998). 
A hemagglutinin was isolated from the cotyledons of Japanese chestnut {Castanea 
crenata Sieb. et Zucc.) by affinity chromatography on asialo-fetuin Sepharose 4B 
column followed by anion-exchange and gel permeation chromatography. The 
hemagglutinating activity of Castenea crenata agglutinin (CCA) was strong toward 
sialidase-treated human erythrocytes, but was inhibited by mannose, glucose, and 
their derivatives as well as by glycoproteins having an N-linked complex 
carbohydrate type. The apparent molecular mass of intact CCA was estimated to be 
about 257kDa by gel filtration on a Superose 12 column. In SDS-PAGE, under 
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reducing and non-reducing conditions, CCA migrated as a single band of 37kDa. 
Therefore, the intact CCA may be made up of six or eight identical subunits without 
disulfide bonds. In addition, CCA exhibited potent mitogenic activity similar to other 
lectins. The N-terminal amino acid of CCA may be blocked because no amino acid 
was detected by amino acid sequence analysis. Amino acid analysis revealed that 
CCA was rich in glycine, but lacking in cysteine residues. Some properties of CCA 
were similar to mannose/glucose-specific legume lectins, but it is suggested that the 
molecular structure of CCA is different (Nomura et al., 1998). 
From the results presented in Chapter 2, it can be seen that an extract of the Chinese 
chestnut Castanea mollisima contained significant hemagglutination acivity. Although 
a lectin has been isolated from the Japanese chestnut Castanea crenata as described 
(Nomura et al., 1998), it was decided to purify the lectin from the Chinese chestnut 
Castanea mollisima and compare the characteristics of the two lectins. 
4 . 2 T H M e ^ U a U a m L T n e l k o d s ^ 
4.2.1 Isolation of lectin from Chinese chestnuts 
Fresh chestnuts purchased from a local supplier were first soaked in water overnight 
before homogenization. The supernatant collected after centrifugation of the 
homogenate was subjected to chromatography on a column of CM-Sepharose which 
had been equilibrated with lOmM NH4OAC (pH 4.6). Following elution of 
unabsorbed proteins without hemagglutinating activity the column was washed with 
0.5 M NaCl in lOmM NH4OAC (pH 4.6) to eliminate additional proteins devoid of 
hemagglutinating activity. The column was then washed with lOmM NH4OAC (pH 
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4.6) to remove residual NaCl. Lectin was subsequently eluted from the column using 
lOOmM NH4OAC (pH 6.7). After lyophilization the lectin-containing fraction was 
applied on a Q-Sepharose column previously equilibrated and eluted with 20mM Tris-
HCl buffer (pH 7.2). After removal of unadsorbed proteins without hemagglutinating 
activity, the column was eluted with stepwise gradients of 0.25 M and 0.5 M NaCl 
respectively in 20 mM Tris-HCl buffer (pH 7.2). The fraction eluted by 0.5 M NaCl 
was found to contain hemagglutinating activity. After dialysis and lyophilization, the 
active fraction was applied on a Resource Q column in FPLC system in 10 mM Tris-
HCl buffer (pH 8.9). After elution of a tiny unadsorbed peak, four adsorbed peaks 
(eluted by 0.2M 0.37M, 0.7M and 0.9M NaCl respectively) were eluted. The peak 
eluted with 0.37M NaCl contained hemagglutinating activity. This peak was subjected 
to further purification on a Superose 12 column. The first peak containing 
hemagglutinating activity was collected for SDS-PAGE, N-terminal sequencing and 
further studies. 
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Fig 4.1 Scheme for purifying Castanea mollisima 
lectin 
Castanea mollisima extracted with Nanopure 
from market ^ water 
1 r 
Centrifuged at 14000rpm, 
30mins at 4°C 
，f 
y r Ppt.(discarded) 
Supernatant 
，r 
CM-Sepharose column equilibrated and eluted with lOmM NH4OAC 
buffer (pH ^ ^^ 
Unadsorbed fraction 
(CMl) (discarded) 
1 r 
Adsorbed fraction 
T、1A A / r x T u c^K II.) 0.5M NaCl in III.) lOmM I.) lOmMNHqOAc _ . ^ . . , ^ . ^ xtu r^ A / u . u 4 rx ^ 1 OmM NH4OAC • NH4OAC (pH 
(P ) (pH 4.6) 4.6) 
100 mM NH4OAC (pH 6.7) 
80 
Fig 4.1 Scheme for purifying Castanea mollisima lectin (continued) 
• 
Lectin-enriched fraction 
Q-Sepharose Column equilibrated and eluted with 20mM Tris-
HCI buffer (pH 7.2) 
Adsorbed protein 
unadsorbed peak | 
(discarded) 
T “ 
0.25M NaCI in 0.5M NaCI in 
20mM Tris-HCI 20mM Tris-
(pH 7.2) HCl (pH 7.2) 
peak discarded peak with 
lectin activity 
/ 
dialyzed against water and 
lyophilized. 
1 r 
Resource Q column in 
FPLC system. 
^ ^ ^ 10mM Tris-HCI 
^ ^ ^ (pH: 8.9) 
Small unabsorbed Absorbed • Peaks 1,3&4 
peak (discarded) proteins discarded 
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Fig 4.1 Scheme for purifying Castanea mollisima lectin (continued) 
，r 
Peak 2 (with lectin 
activity) 
1 r 
After dialysis and lyophilization, peak 2 was loaded on a 
Superose 12 column 
200mM NH4OAC (pH 
. 7 . 2 ) 
Three peaks were 
obtained 
Peak 3 
Peak 1 (discarded) 
(Contained ，『 
purified lectin) Peak 2 (discarded) 
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4.2.2 Assay for hemagglutinating activity 
It was the same as described in chapter 3 
4.2.3 Test of inhibition of lectin-induced 
hemagglutination by various carbohydrates 
It was the same as described in chapter 3 
4.2.4 Effects of acid, alkali, temperature and cations on 
hemagglutinationg activity of lectin 
It was the same as described in chapter 3 
4.2.5 Determination of protein concentration 
It was the same as described in chapter 3 
4.2.6 Molecular mass determination by SDS-PAGE 
It was the same as described in chapter 3 
4.2.7 Molecular mass determination by gel filtration 
It was the same as described in chapter 3 
4.2.8 Amino acid sequence analysis. 
It was the same as described in chapter 3 
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4 . 3 I Z e s i d t s ^ 
When the chestnut extract was applied to a CM-Sepharose column, the resulting 
unadsorbed fraction (CMl ) eluted with lOmM NH4OAC (pH 4.6) was devoid of 
hemagglutionating activity. When the column was then eluted with 10 m M NH4OAc 
(pH 4.6) containing 0.5 M NaCI, no hemagglutinating activity was detected in the 
eluate (CM2). The column was subsequently eluted with lOmM NH4OAC (pH 4.6) to 
make sure that there was no residual NaCI. Hemagglutinating activity was located in 
the fraction (designated CM3) which was eluted when the eluent was changed to 100 
mM NH4OAC, pH 6.7, (Fig. 4.2). Fraction CM3 was then chromatographed on a Q-
Sepharose column. No hemagglutinating activity was observed in the fractions eluted 
with 20mM Tris-HCI (pH 7.2) and then with 0.25M NaCI in the Tris-HCI buffer. 
Lectin activity resided in the fraction Q3 was eluted by 0.5M NaCI in 20mM Tris-HCI 
buffer, pH 7.2, (Fig. 4.3). The active fraction was then subjected to further 
fractionation on a Resource Q column by FPLC. The column was eluted with a linear 
concentration gradient of NaCI (0- lM) in 10 mM Tris-HCI (pH 8.9). A major peak 
RQ3) was eluted by approximately 0.3 M NaCI. A sharp peak was eluted by 
approximately 0.95M NaCI. Two small peaks were eluted before the major peak and 
another small peak after the major peak (RQ3) and in front of the sharp peak (Fig.4.4). 
Hemagglutinating activity was located in the major peak which was then further 
purified on Superose 12 column. Three peaks resulted. The first peak (SI), with an 
elution volume (10 ml) approximating that of yeast alcohol dehydrogenase (9.72 ml), 
exhibited hemagglutinating activity. The remaining two peaks were inactive (Fig. 
4.5). 
84 
The specific hemagglutinating activity of the lectin preparation was raised by about 
50 fold when the crude extract was subjected to various purification steps culminating 
in the production of the purified lectin (Table 4.1). 
The hemagglutinating activity of chestnut lectin was inhibited by mannose, glucose 
and glucosamine, but not by other sugars (Table 4.2). 
The hemagglutinating activity underwent a drastic reduction upon exposure to acid or 
alkali (Table 4.3). The activity was not affected by exposure to temperatures up to 
50。C. Beyond 50。C the activity started to decline. Very little was left at 80。C and 
above (Table 4.4). The lectin activity was not affected by any of the following 
chlorides at 1.56, 3.12, 6.125 and 12.5 mM: NaCl, KCl, NH4CI, CaCl�，MgCl�，MnCl], 
CUCI2 and FeClg. 
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3 . 5 � 
CM2 
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1 ： | \ ^ \ 
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4 . 5 卜 CM1 \ A 
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Q 1 J I ^ ^ ^ ― 
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Elution volume (ml) 
Fig 4.2 Elution profile of Castanea mollisima extract from a 
CM-Sepharose column (10cm X 8cm) (Flowrate: 50 
ml/hr) A, B and C indicated by the arrows refer to 
elution with lOmM NH4OAC (pH:4.6) containing 0.5 
NaCl, lOmM NH4OAC (pH:4.6) and lOOmM NH4OAC 
(pH:6.7) respectively 
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Fig 4.3 Elution profile of fraction CMS from a Q-Sepharose 
column (10cm X 2.5cm). A，B and C indicated by the 
arrows refer to elution with 20mM Tris-HCl(pH 7.2) the 
same buffer containing 0.25M NaCl and the same buffer 
containing 0.5 M NaCl 
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Fig. 4.4 Fractionation of active fraction from the Q-Sepharose 
column on a Resource Q column (1cm X 6 cm) (Flow 
rate: 3ml/min) 
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Fig. 4.5. Fractionation of active fraction from the Resource Q 
column on a Superose 12 column 
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Fig 4.6 Sodium dodecyl sulfate-polyacrylamide gel electrophoretic pattern. Molecular 
mass markers from top downwards , phosphorylase b (94kDa), bovine serum 
albumin (67 kDa), ovalbumin (43kDa), carbonic anhydrase (30kDa), trypsin 
inhibitor (20kDa) and a -lactalbumin (14.2) lanes (1-3) show Castanea 
mollisima lectin. 
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Fig 4.7 Standard curve for determinating the subunits molecular 
weight of Castanea mollisima 
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Protein • . 
. Hemagglutinating Specific Activity concentration , �� /TT/ � (mg/ml) activity (unit) (U/mg) 
crude extract 5.99 8 855 
CM3 (obtained 
， C M - 8 7 10 2354 
Sepharose 
column) 
Q3 (obtained 
after Q-Sepharose 7.28 11 5626 
column) 
RQ3 (obtained 
after Resource Q 0.168 7 15238 
column) 
SI (obtained after 
Superose 12 0.09 7 28444 
column) 
Table 4.1. Hemagglutinating activity at various stages of purification of Castanea 
mollisima lectin 
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Minimum conc. of carbohydrates 
、丁 ^ 1 1 1 required to inhibit 8 hemagglutinating 
Name of carbohydrates units of Castanea mollisima lectin 
activity 
L(-) mannose M 
D(+) mannose 0.19M 
D(-) mannosamine M 
L(-) rhamnose M 
D(+) galactose M 
D(+) glucosamine 0.38 M 
a -L(-) Fucose M 
D(+) galactosamine M 
a -lactose M 
a -D(+) melibiose M 
a (+) xylose M 
D(+)-raffinose M 
D(+)-glucose monohydrate 0.094 M 
NI= no inhibition at 0.5M carbohydrate 
Table 4.2 Test of inhibition of hemagglutinating activity of Castanea mollisima lectin 
by various carbohydrates 
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HCl NaOH 
0.025M 0.05M O.IM 0.025M 0.05M O.IM 
Titer 64 8 0 32 8 0 
Activity。， 12.5 1.56 0 25 1.56 0 
retained % ^ 
Hemagglutinating titer of PBS-treated lectin was 512 
Table4.3 Effects of acid and alkali treatments on hemagglutinating activity of 
Castanea mollisima lectin. 
Temperature ^^ 20 30 40 50 60 70 80 90 100 
( L) 
Titer 512 512 512 512 512 256 128 16 4 0 
Aet iv i t ^ IQQ 100 100 100 100 50 25 3.13 0.8 0 
retained % 
Table 4.4 Effect of temperature on hemagglutinating activity of Castanea mollisima 
lectin 
94 
Fa
m
il
y 
L
ec
ti
n^
 
N
-te
rm
in
al
 a
m
in
o 
ac
id
 s
eq
ue
nc
es
 
F
a
ia
^
"
~
C
M
L
l 
F
R
P
E
K
L
D
S
L
R
L
R
E
A
V
H
K
P
A
N
A
Y
C
Y
N
P
M
C
A
R
 
C
M
L
2 
|
L
R
P
E
K
L
N
S
L
R
L
R
E
A
Q
 
Ta
bl
e 
4.
5 
A 
ta
bl
e 
sh
ow
in
g 
th
e 
N
-te
rm
in
al
 a
m
in
o 
ac
id
 s
eq
ue
nc
es
 o
f t
he
 tw
o 
su
bu
ni
ts
 o
f C
as
ta
ne
a 
M
ol
lis
im
a 
le
ct
in
. C
M
Ll
 r
ep
re
se
nt
s 
th
e 
31
 k
D
a 
su
bu
ni
t; 
C
M
L 
2 
re
pr
es
en
ts
 th
e 
32
 k
D
a 
su
bu
ni
t. 
Se
qu
en
ce
s 
ha
vi
ng
 th
e 
sa
m
e 
am
in
o 
ac
id
s 
ar
e 
un
de
rli
ne
d.
 
^ 
Pr
ot
ei
n 
N
-te
rm
in
al
 a
m
in
o 
ac
id
 s
eq
ue
nc
es
 
Le
ct
in
 (
C
M
Ll
) 
F
R
P
E
K
L
D
S 
L
R
L
R
E
A
V
H
K
P
A
N
A
Y
C
Y
N
P
M
C
A
R
 
(C
M
L
2厂
 L
 
R
P
E
K
L
N
S
L
R
L
R
E
A
Q
 
Q
ue
rc
us
 r
o
b
u
r
E
T
L
C
T
L
R
L
R
E
N
I 
H
 D
 P
 S
 R
 A
 D
 I
 
Y
 N
 P
 Q
 A
 G
 R
 
Le
gu
m
in
 
pr
ec
ur
so
r 
(Q
R
LP
) 
Ta
bl
e 
4.
6 
A 
ta
bl
e 
sh
ow
in
g 
th
e 
co
m
pa
ris
on
 o
f t
he
 a
m
in
o 
ac
id
 s
eq
ue
nc
es
 o
f C
M
L
l 
le
ct
in
 a
nd
 th
e 
Q
R
LP
 (
Q
ue
rc
us
 
ro
bu
r 
le
gu
m
in
 
pr
ec
ur
so
r).
 S
eq
ue
nc
es
 h
av
in
g 
th
e 
sa
m
e 
am
in
o 
ac
id
s 
ar
e 
un
de
rli
ne
d.
 
4 . 4 d i s c u s s i o n / 
The carbohydrate binding specificity of the Chinese chestnut lectins isolated in the 
present study was similar to that of the Japanese chestnut {Castanea crenata) lectin 
isolated by Nomura et al. (1998). Both lectins bound glucose and mannose. 
The molecular mass of the Chinese chestnut lectin (150 kDa) was smaller than that of 
the Japanese chestnut (257 kDa). The latter lectin was larger than yeast alcohol 
dehydrogenase. 
The Japanese chestnut lectin appeared as a single band with a molecular mass of 
37kDa in SDS-PAGE. The Chinese chestnut lectin appeared as two bands in SDS-
PAGE, one with a molecular mass of 31 kDa and another with a molecular mass of 32 
kDa, indicating the presence of two different types of subunits. 
The specific hemagglutinating activity of Japanese chestnut lectin was around 3000 
units/mg. The specific activity of Chinese chestnut lectin obtained in the present study 
was much higher, being about 30000 units/mg. 
The hemagglutinating activity of Castanea mollisima lectin was highly susceptible to 
the damaging action of acid and alkali. However, the effect of temperature on its 
hemagglutinating was not obvious until it reached 60。C. The various cations did not 
adversely influence the lectin activity. 
The purification protocol employed by Nomura et al. (1998) for Japanese chestnut 
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lectin comprised affinity chromatography on asialo-fetuin Sepharose 4B, ion 
exchange chromatography on Q-Sepharose, (NH4)2S04 precipitation and gel filtration 
on Superose 12. In the present investigation on Chinese chestnuts fetuin Sepharose 
and (NH4)2S04 precipitation were not used. The steps employing Q-Sepharose and 
Superose 12 were retained. Ion exchange chromatography on CM-Sepharose and 
FPLC on Resource Q were added to the purification protocol. This modification in 
isolation procedure led to successful purification of lectin from the Chinese chestnut 
and this study showed that the yield of Castanea mollisima was about 6.2mg/kg. 
The N-terminal of the Japanese chestnut {Castanea crenata) lectin is blocked whereas 
the sequences of the subunits of the Chinese chestnut {Castanea mollisima) lectin are 
shown in table 4.5. The amino acid sequences of the subunits of Castanea mollisima 
lectin show that Castanea mollisima lectin consists of two structurally similar 
subunits, which are of similar sizes (Table 4.5). Moreover, Castanea mollisima lectin 
also has some common amino acid sequences with the Quercus robur legumin 
precursor. Legumin is a storage protein found in various plants (Shotwell and Larkins, 
1989). As a result, it can be assumed that the Castanea mollisima lectin may have a 
storage function in plants. The above finding fulfills the requirement that lectin has 
storage function in plants which was reported long time ago. 
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Chapter 5 General discussion and 
conclusion 
The results of the present investigation disclosed that lectins could be purified from 
the Chinese chestnut Castanea mollisima and the rhizome of the Chinese medicianl 
plant Smilax glabra with essentially the same isolation scheme. No salting out of 
proteins by (NH4)2S04 was used in the scheme. This eliminated the need of using 
large amounts of (NH4)2S04 and also the subsequent dialysis step to remove 
( N H J s S O a . Both the Castanea mollisima lectin and the Smilax glabra lectin could be 
adsorbed on cationic and anionic exchangers under conditions of low ionic strength 
and appropriate pH. This allowed fractionation of the intermediate lectin preparations 
into unadsorbed and adsorbed fractions and this eliminated the impurities. 
The isolation procedure which has been used with success to purify Castanea 
mollisima lectin and Smilax glabra lectin included as the first step ion exchange 
chromatography on CM-Sepharose. Subsequently the adsorbed active fraction was 
further purified on anionic exchangers such as DEAE-cellulose, Q-Sepharose and 
Resource Q. The active material was again adsorbed on these anionic exchangers. Gel 
filtration on Superose 12 by fast protein liquid chromatography was used as a final 
purification step and also for molecular mass determination of the lectin in both cases. 
No affinity chromatography was employed. For Smilax glabra lectins, which 
possessed a complex carbohydrate binding specificity, affinity chromatography on 
mannose-agrose or mannose-Sepharose which had been frequently used for 
purification of mannose binding lectins could not be used. For Castanea mollisima 
lectin affinity chromatography on asialo-fetuin could have been used just like the 
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purification of Castanea crenata lectin. However, the use of an isolation procedure 
without an affinity chromatography step could also lead to preparation of a highly 
purified lectin. 
Castanea mollisima lectin isolated in this study possessed a large molecular mass 
which exceeded 100 kDa, whereas the Smilax glabra lectin is much smaller in size. 
The Superose 12 column used has the appropriate fractionation range for proteins 
with such a molecular mass. 
The two lectins purified were both composed of a number of subunits. The Smilax 
glabra lectin resembled the tulip lectin with complex carbohydrate specificity in the 
complexity of carbohydrate binding specificity. The Castanea mollisima lectin was 
similar to Castanea crenata lectin in carbohydrate binding specificity and molecular 
mass of subunit, but the former lectin was characterized by a considerably higher 
hemagglutinating activity. 
Both Smilax glabra lectin and Castanea mollisima lectin were unstable in the 
presence of acid and alkali. However, both of them were thermostable up to 50°C. 
Their hemagglutinating activity was unaffected by a number of monovalent, divalent 
and trivalent cations. 
From the amino acid sequences obtained from the two lectins, Smilax glabra lectin is 
a novel lectin that needs further investigation and it may possess similar or new 
functions when compared with the previouly found lectins. Both Smilax glabra lectin 
and Castanea mollisima lectin have two similar subunits, which are similar in both 
size and amino acid sequence. As Castanea mollisima lectin shares some sequence 
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similarities with a legumin precursor, it may serve as a kind of storage protein or a 
messenger in the regulation of such protein. 
To sum up, two lectins were isolated in the present investigation, a lectin from Smilax 
glabra rhizomes with characteristics dissimilar to those of most monocot leaf and 
bulb lectins and a lectin from the Chinese chestnut with a much higher 
hemagglutinating activity than its Japanese counterpart. 
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